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PREFACE. 



In the following pages I have endeavoured to present a more 
detailed account of diabetes mellitus than is generally found 
in text-books or systems of medicine. 

The description of the symptoms and complications, and the 
statistics with reference thereto, have been based chiefly on the 
most severe forms of the disease, a large number of which have 
come under my observation during the last ten years. 

The literature of diabetes is so extensive that it did not 
appear advisable to attempt to publish anything like a com- 
plete bibliography, especially as this can be obtained so easily 
by reference to the " Index Medicus " and to the " Catalogue 
of the Library of the Surgeon-General's Office, U.S. Army." 
Nevertheless, at the end of each chapter, references have been 
given to the more important papers. As a rule, only those 
articles are referred to which have been actually consulted. 

Since morbid anatomy has not revealed any constant or 
characteristic changes in diabetes, and since the lesions found 
post-mortem are (with the exception of certain changes in the 
pancreas and about the medulla oblongata) probably nearly 
always secondary, or due to complications, it appeared more 
convenient to briefly mention these lesions in the chapter on 
pathological anatomy, and to give a detailed account of them 
elsewhere. Thus it appeared better to describe the pathological 
changes due to various complications just after the account 
of the symptoms produced thereby. But the lesions found in the 
pancreas and nervous system are fully described in the sections 
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devoted to the relation between diabetes and changes in the 
pancreas and in the nervous system. 

In some parts of the work, the accounts of the conchisions 
arrived at by various physiologists and physicians will be found 
to be stated in almost the same words as in abstracts which 
have appeared in several English medical journals during the 
last nine years; but in all such instances the abstracts have 
been written by myself. 

To the physicians of the Manchester Eoyal Infirmary — Dr. 
J. D. Leech, Dr. J. Dreschfeld, Dr. Graham Steell, Dr. T. Harris, 
Dr. J. S. Bury, and Dr. A. T. Wilkinson — I am greatly indebted, 
for their kindness in allowing me to record any points of interest 
which I may have observed in the hospital patients who have 
been under their care, and for the opportunity of making the 
pathological examination of the various organs in a considerable 
number of cases. I am also indebted to Dr. E. Eoberts and Dr. 
Glascott, for kindly allow^iug me to examine and make sketches 
of the fundus oculi in several cases of diabetic rethiitis. In 
the preparation of the work, I have further to acknowledge 
my indebtedness to the excellent monograplis on diabetes by 
Frerichs, Seegen, Ebstein, and v. Noorden, and to the wi-itings 
of Pavy, Sir Wm. Roberts, Dreschfeld, Minkowski, Schmitz, 
Saundby, and many others. 

To my friend, Dr. E. Brindley, I desire to express my best 
thanks for his kindness in revising the proofs, and for many 
valuable suggestions. 

E. T. W. 

Manchester, March, 1898. 
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DIABETES MELLITUS: 



CHAPTER I. 



INTRODUCTORY. 



Diabetes mellitus is a disease in which grape sugar is ex- 
creted in the urine for a long period,^-often for months or 
years, — and excreted in large quantity, or in a sufficient quantity 
to give a reaction with the ordinary clinical tests for sugar. 
But the term diabetes mellitus cannot be applied to all cases in 
which sugar is detected in the urine. Sugar is occasionally 
present in the urine, for a short period only, after febrile 
attacks, acute diseases, and injuries, and as a result of the 
action of certain toxic substances ; but these are cases of tem- 
porary glycosuria, and not true diabetes mellitus. Then, again, 
after a very large quantity of saccharine food has been taken, 
a small amount of sugar appears in the urine of many apparently 
healthy persons ; and if the sugar in the diet should exceed a 
certain limit, a small quantity of sugar will always be found in 
the urine. But these are instances of temporary alimentary 
glycosuria. According to some authors, a minute trace of sugar 
occurs in normal urine ; but, if present, it is certainly too small to 
be detected by the usual clinical tests. In diabetes mellitus the 
form of sugar excreted is glucose ; occasionally, however, other 
forms of sugar are met with in the urine, such as lactose ; and 
a few instances have recently been recorded in which pentose 
has been found in the urine. Of course such cases are not 
to be described as diabetes, but as cases of lactosuria or 
pentosuria. 
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The term glycosuria is frequently applied to those iiiilcl 
forms of diabetes in which the presence of grape sugar in 
the urine is almost the only indication of disease. The 
limit between glycosuria and true diabetes is often difficult 
to define ; but the factor of time is of the greatest importance. 
All cases of permanerU glycosuria would be regarded by many 
authors as cases of diabetes mellitus. Other authors would 
apply the term chronic glycosuria to the milder forms of the 
disease, in which sugar is present in the urine but other 
symptoms absent, and they would reserve the term diabetes 
for the more severe form, in which the specific gravity of the 
urine is high, the sugar excretion abundant, and in which 
diuresis, thirst, and other symptoms are present. 

Derivation of name "Diabetes Mellitus." — 8ia, through; ^atVw, 
I flow ; 8uiprJTrj% a siphon ; fiiXirra, a bee ; mellitus (L.), like honey. 

Synonyms. — French, DiahHe siicre ; German, Zuckerkrankheify 
Zttckerliarnruhr, Harnzuckerruhr, 

Historical Note. 

The history of our knowledge of diabetes is of great interest. 
According to Hirsch (^), the earliest account of the sweet urine of 
the disease comes from India, and is to be found in the Ayur 
Veda of Susruta. Certain symptoms of diabetes were known 
to the Greek, Roman, and Arabian physicians, but Celsus first 
described the disease, or rather its most obvious symptoms, in 
the first century. The name diabetes (Sui/3i]Tr)^) is said to have 
been first used by Aretaus (^). He states that the disease 
appears " to have got the name diabetes as if from the Greek 
word Sta/3i]T7j<;, which signifies a siphon." He describes the 
thirst and diuresis, and adds that " the emaciation is dreadful." 
With reference to causation, he states, "some one of the acute 
diseases may have terminated in this." References to the 
disease also occur in the works of Galen, Avicenna, Avenzoar, 
and other early writers. But none of these authors appear to 
have been acquainted with the sweet taste of the urine. 

An English physician, Tliomas Willis (^), Sidley Professor 
in the University of Oxford, was the first European writer who 
mentioned the sweet taste of the urine. In his " Pharmaceutice 
Eationalis," pubhshed in 1G79, he gives such a good account 
of the disease that several passages are worthy of quotation. 
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After allmliug to the scauty i-eferencea to the dieease in the 
K:writing8 of the older physicians, lie states that " Guleu knew 
mly two sick of it. But in oitr age, given to good fellowship 
rod guzzling down cbietly of uDollayed wine, we meet with 
Hamples and instances enough, I may say daily, of this disease." 

* But yet as familiar as it is its causes and formal 

Treason notwithatimding is almost altogether unknown." Diabetes, 
he tells us, is so called from ha&aivw= trmiaeo, or passing 
through — too swift a passage of the matter that is drunk 

Willis states that the urine is " wonderfully sweet, as it 

Lwere imbued with honey or sugar," and that the patients are 

ixceediugly thirsty and (Quickly grow lean. He expresses bis 

Bnpiniou that diabetes is rather an " affection of the blood tlmn one 

►ol the reins" (kidneys), and he ascribes "the chiefest part of 

e evil to the nervous juice." He attributes the disease to " an 

Rill manner of living, and chiefly an assiduous and immotlerate 

jiking of cider, beer, and sljarp wines ; sometimes sadness, long 

[Tief ; also, convulsive atTections and other inordination und 

ns of the animal spirits are wont to beget and cherish 

morbid disposition." He refers to a patient who " con- 

icted an incurable diabetes," of which he died within a 

month, and to another patient who recovered, and who was 

inted with lime-water among other drugs. 

On p. 8;i he adds, in reference to the urine: "But why 

r that it is wonderfully sweet like sugar or honey, this difficulty 

is worthy of explanation." The explanation was first given 

one hundred years later by an English physician, Matthew 

, DobeoQ (*) of Liverpool, He pointed out that not only the 

^nrme, hut also the serum of the blood, was sweet to the taste. 

iBy a nmnber of experiments he showed that the urine contained 

wharine matter; that, when evaporated down, a white cake was 

1 which tasted like sugar; and that, when allowed to stand, 

r fermented, and the sweet taste disappeared. He concludes 

lat the saccharine matter is a product of the animal economy, 

iod gives a list of drugs which had teen used in the treatment; 

UOiigst them were Dover's powder and tinctura thebaica. 

The first detailed accoimt of diabetes was published in 1797, 

■ an English medical mon, John Hollo (*), surgeon-general of 

^e Eoyal Artillery. In his book entitled " An Account of Two 

3 of Diabetes Mellitus, etc," he gives a general review of 

^e symptoms, and discusBcs the nature and treatment of the 
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disease. Rollo was the first to point out the importance of diet 
in the treatment. He advises "animal food, animal fats, and 
confinement, with an entire abstinence from every kind of 
vegetable matter," and states that the action " may be facilitated 
by the daily use of alkalies, calcareous and testaceous substances." 
" The quantity of animal food should be restricted, and given 
in as small quantities as possible to satisfy the stomach" (p. 
261). Among the "circumstances of life which have usually 
l^receded an attack of the disease," EoUo mentions "a free 
use of fermented liquors, or a uniform participation of strong 
vegetable food of the farinaceous kinds." 

Cullen (®) mentions the sweet taste of the urine, but stated 
that he had met with one case in which the urine was insipid. 
Latham (^), in 1811, recognised two forms of diabetes — the 
saccharine and the serous. Gregory (®), in 1825, pointed out the 
difference between diabetes mellitus and diabetes insipidus. 

Bouchardt in 1841 introduced gluten bread as an article 
of diet for diabetic patients. 

In 1847, Claude Bernard commenced his series of famous 
researches on sugar formation in the organism. These researches 
led to the discovery of glycogen, and demonstrated the influence 
of puncture of the floor of the fourth ventricle in tlie production 
of glycosuria. 

Ever since that time diabetes has been carefully studied 
experimentally and clinically ; and the labours of Pavy, Seegen, 
Kiilz, Briicke, Ebstein, Cantani, Naunyn, Frerichs, Dickinson, 
W. Eoberts, and numerous other British and continental 
physicians and physiologists, have greatly extended our know- 
ledge of the disease. 

Kecently, the brilliant experiments of Minkowski and v. 
Mering (recorded in 1889—1892) have proved that diabetes 
mellitus can be produced experimentally in dogs by removal 
of the pancreas. 

Chemical Note. 

The presence of sugar in the urine and excess of sugar in 
the blood are the prominent features of diabetes mellitus. 

Sugar belongs to the group of chemical substances known as 
carbohydrates, and some of the more important members of the 
group may be here briefly referred to. 

Carbohydrates are compounds of carbon, oxygen, and 
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hydrogen ; the oxygen and hydrogen being present m the 
same proportion as in water, i.e, two of hydrogen to one of 
oxygen. 

The following are the carbohydrates of most importance to 
physiologists and physicians. Most of these substances have 
active optical properties; those which deviate the plane of 
polarised light to the right are marked -f ; those which deviate 
it to the left are marked — . 

Caubohydkates. 
I. The Amylose Group (C^Hio05)„. 



+ Starch. 
Cellulose. 



+ Glycogen. 
+ Dextrin. 



- Inulin. 
Animal gum. 



TliQ Saccliaroaea^ ^12^22^11* 

+ Cane sugar or saccharose. 
+ Milk sugar or lactose. 
+ Maltose. 



II. The Sugar Group. 

The GlucoseSf Cj^H^oOg. 

+ Grape sugar, dextrose, or glucose. 
- Fruit sugar or laevulose. 
+ Galactose. 

Pentoses (Pentaglucoses) (C5HJQO5). 

+ Arabinose. 
-+- Xylose. 
Mannite, formerly termed manna sugar, is not a sugar but a hexad 
alcohol, CttHg(OH)^. 

The sugars classed as glucoses are also known as Mono- 
saccharides', they have the formula G^Hi^Oq. 

By the combination of two molecules of glucoses, with the 
loss of the elements of water, sugars are formed having the 
formula CigHgoOu ; these are known as Bisaccharides — 

CgHigOjj + CjjHjgOg = C12H22O11 + H2O. 

The disaccharides, if boiled with dilute acids, take up water 
and form two molecules of monosaccharides. 

By the action of dilute sulphuric acid on proteids, or by 
ferment action, Pavy ^ has been able to obtain a substance which 
he regards as a sugar. It reduces Fehling s solution, and with 
phenylhydrazin forms a crystalline osazone. It is optically 
inactive, however, and does not ferment with yeast. 

> Pavy, "The Physiology of the Carbohydrates," London, 1894, pp. 28-57. 
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CHAPTER IL 

SUGAR TESTS. 

I. Clinical Tests for Grape Sugar in the Urine. 

The usual tests for sugar are so well knowu, that it may at 
first sight seem superfluous to devote any space to their con- 
sideration. 

But, whilst the detection of grape sugar in the urine, in a 
well-marked case of diabetes mellitus, is a very simple matter, 
on the other hand, a very careful examination of the urine is 
often necessary in order to decide whether a trace or small 
quantity of sugar is or is not present. 

On commencing to examine a specimen of urine, if we find 
the specific gravity high — 1028 or more — suspicions of the 
presence of grape sugar ought to be roused. The probability of 
the presence of grape sugar will be great if a sample of urine 
having the above mentioned specific gravity be clear and pale, 
if the quantity of urine be not diminished, and if the patient 
be not suffering from any febrile affection. If, however, the 
quantity of urine be diminished, or if the urine be high-coloured, 
or turbid and loaded with urates, or if the patient be suffering 
from some febrile affection, then a high specific gravity is no 
indication of the presence of sugar. 

On the other hand, a low specific gravity does not exclude 
the possibility of the presence of sugar. It shows, however, 
that the case is not one presenting the typical symptoms of 
diabetes mellitus ; but a small quantity of sugar may be present 
when the specific gravity is only 1010 or 1015. 

Of course, more reliable indications of the presence of grape 
sugar are required, and the following are the chief chemical tests 
which are employed clinically : — 

Moore's test, — When saccharine urine and liquor potasses are 
mixed in equal quantities and the mixture boiled, it darkens 
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ill colour and finally becomes brown — about the colour of 
brandy. 

This test is now rarely used. As pointed out by Sir William 
Koberts (^), Moore's test is wanting in delicacy : a clear reaction is 
not obtained until the amount of sugar reaches 0*3 per cent. 
Further, all high-coloured urines of high specific gravity darken 
when treated with liquor potassse. Also albuminous urines 
darken when boiled with liquor potassa?, and the change is 
especially marked if the liquor potassae should contain lead as an 
impurity. This impurity is often present when the liquor 
potassae has been kept in an ordinary white glass bottle for some 
time. 

Reduction tests, — Grape sugar has a powerful reducing action 
on certain metallic salts in alkaline solution. The oxides of 
these salts are reduced to a lower degree of oxidation, or the 
metal itself is thrown down. Oxygen is not evolved, but it 
unites with glucose, and various products of the oxidation of 
sugar are formed. 

Thus cupric oxide is reduced by glucose to cuprous oxide — 

2 CuO = CuoO + 0. 
Bismuthic oxide is reduced to metallic bismuth — 

BiA = Bi2 + O3. 

Grape sugar has also a reducing action on certain organic 
substances in hot alkaline solutions, and the colours of these 
solutions are changed. Thus, picric acid is reduced to picramic 
acid, and a dark brown coloration is produced ; methylene blue, 
saffranin, and indigo - carmine are decolorised ; orthonitro- 
phenylpropiolic acid is reduced to indigo-blue. 

Trovimer's cop2yer test, — A few drops of a copper sulphate 
sohition arc added to the suspected urine (about 1 drm.) in a 
test tube. Liquor potassaj (about half a drm.) is then added, 
and the mixture warmed. If sugar be present, a yellow pre- 
cipitate of cuprous hydroxide, or a red precipitate of cuprous 
oxide, will be produced. The test is now seldom employed in 
this form in England, though it is still largely used in some 
parts of Germany. 

Fehling's test. — This is a much more satisfactory method of 
applying the copper test for the detection of sugar. Fehling's 
copper solution is prepared as follows : — 

(a) 3464 grms. of pure crystallised copper sulphate are 
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[jdissolved in wiariii dislilled water, and tbe solutiou whan cold 

,de lip with distilled water to 500 c.e, 

(b) 175 grnia. of crystallised Kochelle salts (potiiesiuni and 

urn tartrate) are dissolved in about 300 c.c. of hot water ; 

00 cc, of caustic soda, having a specific gravity of 1 '34, are 

Ided, and the mixture ia diluted with water up to 500 cc. 

£qual part« of the solutions (n) and (fi) are mixed together. 

Since Fehling's solutiou ia apt to decompose in time, the two 

Bolutiona {a) and (i) may be kept separate, and mixed in equal 

quantities when required for use. 

In testing for sugar, a test tube is filled for three-quarters 
iQ inch with Fehling's solution, which is first boiled alone, in 
order to see if the solution baa changed by keeping. When 
Fehling's solution has been kept for a long time, it decomposes 
partially, and oxide of copper may be thrown down by boiling, 
even when uo urine is added. If now no oxide of copper is 
thrown down on boiling, the Fehling's solution has not deterior- 
ated by keeping, and is therefore suitable for uae. A few drops 
of the snspect urine are added, and the mixture is laiaed to 
the boiling point ; yellow hydroxide, or red oxide of copper, is 
thrown down it sugar be present. When the amount of sugar is 
small, the precipitate is yellow ; when large, the precipitate ia 
If the quantity of sugar be very small, more than a few 
Irops of urine must be added before tlie copper oxide is pre- 
■cipitated ; but the quantity of urine should never be in excess of 
the Fehling's solution. When only a small aniouut of sugar ia 
present, often there ia no reduction of copper on boiling ; but a 
greenish precipitate, or an opacity, appeals when the test tube 
cools. If no oxide of copper is thrown down on boiling, and if 
no greenish precipitate appears when the mixture cotils, then 
Si^ar is absent; or. if present, tbe quantity ia so small as to be 
10 practical importance. According to Sir William Roberts, 
quantity above a fortieth of a grain per cent, can escape 
itection by this method. 

The three precautions in perfonuing the teat are, (1) to boil 
le Fehling's solution alone before adding the urine, (2) to see 
.t the Fehhng's solution is always in excess of the mine, (3) 
avoid prolonged boiling of the mixture. 
If non-saccharine urine, loaded with uric acid, be boiled with 
TeUing's solution for a considerable time, a brownish deposit may 
produced, and the mixture may assume a muddy, dirty fawn 
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appearance, though do sugar be present. This turbidity is 
probably produced by the excess of uric acid, but it only occurs 
after prolonged boiling. 

Of all the tests for sugar, Fehling*s solution is the most 
generally useful ; and if the above mentioned precautions be taken, 
it is, in most cases, very reliable. For clinical work, usually no 
other test is required. If a negative result is obtained with 
Fehling's test, the urine may be declared free from sugar, or free 
from any quantity of sugar which would be of clinical import- 
ance. If, on the other hand, a distinct precipitate of oxide of 
copper occurs, and if there are other indications of diabetes, the 
test is also sufficient. But there is a third class of cases, not 
infrequently met with, which is liable to cause trouble, especi- 
ally in the careful examination of urine for life assurance. 
In these cases there are no indications of diabetes except the 
reduction of Fehling's solution, and this is often slight. Fre- 
quently, after the mixed urine and Fehling*s solution have been 
raised to the boiling point, the fluid is unchanged at first ; but 
in a short time, as the mixture cools, a greenish precipitate 
appears. Then the question arises, Is this slight reduction 
due to sugar or not ? When the quantity of sugar in the 
urine is small, its detection with certainty is not always easy, 
since certain normal ingredients of the urine, such as uric acid, 
when present in excess, are apt to give a slight deposit in the 
Fehling's solution, especially if the precautions (2) and (3) above 
mentioned are not observed. 

The following is a list of some of the substances of clinical 
importance which reduce Fehling's solution : — 

Dextrose, laevulose, maltose, lactose, galactose, xylose, ara- 
binose, pentose, glycuronic acid, glycosuric acid, hippuric acid, 
uric acid, creatin, creatinine, xanthin, and alkapton or pyro- 
catechin. 

Glycuronic acid, CgHjoO-, is said to occur in the urine after 
the administration of certain drugs — morphine, chloroform, 
chloral, butylchloral, nitrobenzene, camphor, curare, sodium sali- 
cylate, salol, benzoic acid, etc. As Ashdown and others have 
pointed out, the reduction of Fehling's solution by the urine, 
which sometimes occurs after the administration of many of these 
drugs, is probably due to glycuronic acid, and not to sugar, as 
was formerly supposed. Minute traces of glycuronic acid 
compounds are said to exist in normal urine as indoxyl- and 
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skatoxyl-glycuronic acids, and in conibinatiou with urea as uro- 
giycuronic acid. 

Glyciirouic acid gives a reduction of Fehling's solution on 
heating, and precipitates bismuth from a hot alkaline solution of 
the salts of this nietaL It is distinguished from grape sugar by 
not fermenting under the action of yeast. When the phenyl- 
hydrazin test is applied to a solution containing glycuronic acid, 
small yellow needle shaped crystals are obtained, somewhat 
resembhng those jjroduced by grape sugar (see p. 24). This 
compound of phenylhydrazin and glycuronic acid has a melting 
jioint of 114° to 115° C, whilst the compound of phenyl- 
hydrazin and glucose ([jhenylghicosazone) has a melting point of 
205' C, 

Glycuronic acid may therefore be a source of error in urine 
testing. If it exist in nonual urine, as some believe, the quantity 
present is so small as not to interfere with the usual clinical tests 
for sugar. When present in sufficient quantity to give a reaction 
with the clinical tests for sugar, it is generally due to the 
administration of some of the drugs above mentioned, and if 
these be discontinued the excretion ceases. A ctise has been 
recorded by Ashdown (^), however, in which glycuronic acid was 
present in considerable quantity in the urine of a healthy man, 
who wns not taking any drugs. 

Alkapton or pyroeatechin (') ia another body which occa- 
sionally, though very rarely, occurs in the urine, and is liable 
to lead to confusion in a hasty examination, since it reduces 
Fehling's solution. When this substance is present (alkaptonuria), 
the urine is amber or straw coloured; and the specific gravity 
1010 to 1020 ; it reduces Fehling's solution even when slightly 
wanned, but gives no reaction with Nylander's bismuth test for 
sugar. The urine rapidly undei^oee ammoniacul fermentation ; 
after a few hours it becomes greenish brown on the surface, and, 
on shaking, the colour of the urine jiasses from dark brown to 
black. This change occurs at once if a few drops of ammonia or 
liquor potassa- be added to, and well mixed with the urine. 
On the addition of yeast to urine containing alkapton, no 
fermentation occurs. 

Afodijications of Fehling's test. — Since Fehling's solution may 
be reduced by other substances besides sugar, the following 

[ifications of the test have been proposed : — 
(tt) Fehliruf's solution in the cold. — Sugar reduces Fehling's 
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solution in the cold, whilst other " reducing " substances do not. 
This is a useful control test. The suspected urine is mixed with 
Fehliug s solution, and allowed to stand for six to twenty-four hours 
without warming ; a deposit of oxide of copper occurs if sugar be 
present. But Fehling's solution is not reduced in the cold if only 
a very small quantity of sugar be present. A O'l per cent watery 
solution of grape sugar gives a very slight deposit, and one 
containing 0*05 per cent, gives no reduction (Seegen(*)). The 
test is also less sensitive than the fermentation test. When the 
urine has contained a very small quantity of sugar, I have been 
able to obtain evidence thereof by the fermentation test, and by 
the phenylhydrazin test when there has been no reaction with 
Fehling's solution in the cold. 

(6) Worni-Miillers method (^), — According to Worm-Mliller, 
the possibility of an excess of uric acid in the urine, causing any 
reduction of Fehling's solution, may be excluded, by boiling the 
two fluids separately, and mixing after twenty-five seconds, 
whereby the temperature of the mixture sinks to 60° to 70*" C. 
He believes that an excess of uric acid only reduces Fehling's 
solution at boiling temperature. (Seegen's researches, however, 
do not confirm this view.) Worm-Mliller has proposed the 
following method of performing the test : — 

Five C.C. of urine are boiled in a test tube. 

A mixture of 1 to 3 c.c. of a 2 5 per cent, copper sulphate 
solution, and 2*5 c.c. of an alkaline solution of Eochelle salts 
(prepared by dissolving 100 grms. of tartrate of potash and 
soda in 1000 c.c. of normal caustic soda solution), is also boiled 
at the same time. 

Twenty to twenty-five seconds after both have been brought 
to the boiling point, they are mixed together. If sugar be 
present, copper oxide is precipitated ; if small in amount, the 
precipitate may not occur for five or ten minutes. 

(c) Fehlimjs test after filtration through animal charcoal, — 
Trommer's test is a very delicate one, and by this means Seegen 
can detect with certainty 0*3 mgrms. (or 0*0046 grs.) of sugar 
dissolved in ten thousand times the amount of fluid. This great 
delicacy, however, only holds good so long as we have to do 
with a watery solution of sugar. For the detection of small 
quantities of sugar in urine, Trommer's test is not so delicate, 
because (1) urine contains certain substances (colouring matter, 
creatine) which tend to prevent the suboxide of copper, when 
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formed, from being precipitated ; (2) uric acid also reduces 
copper Baits slightly. Urine containing a lai^e amount of uric 
acid acta on Fehling's solution like urine containing O'l or 
0'2 per cent, of sugar. 

Seegen (") removes the above mentioned substances from the 
urine by repeated filtration through animal charcoal, and so 
obtains a watery solution of sugar. Auinial charcoal has the 
properly of retaining most of the constituents of urine, more 
especially the colouring matter and uric acid. 

One or two ounces of urine are filtered several times through 
charcoal, until the lluid is completely colourless. This occurs in 
a few minutes. Then the charcoal on the filter is washed with a 
little distilled water, and to this water, when filtered, Trommer's 
test ia applied. In this way 0^0 1 per cent, sugar may he 
detected. If the urine contains a little more sugar, O'l to 0"2 
per cent., the water llowing off from the second and thiid 
washing acts even more energetically upon Fehling's solution 
than the first. In normal urine no change occurs, or only a 
slight turbidity is produced. 

Seegen ('), in the last edition of his book, describes the test 
a little differently. He filters the urine several times through 
animal charcoal, until it is decolomed completely. Then the 
animal charcoal is washed with distilled water, and the washings 
and the filtrate are separately tested with Fehling's solution for 
sugar. He points out au important precaution with regard to 
his method, in order that success may be obtained, namely, the 
animal charcoal used ought to be very good blood charcoal. 

Sir William Roberts (*) has i-eceatly described a modification 
of this method. He points out that urates, uric acid, and other 
normal constituents of the urine, which have more or less power 
of reducing Fehling's sohitiou, are removed by the charcoal ; but 
sugar, if any be present in the urine, passes freely through the 
charcoal, and is found in nearly undiminished proportions in the 
filtrate. Hence urine, after filtration through animal charcoal, 
is in a peculiarly favourable condition for giving a clear and 
definite response to the copper test. He prefers the following 
method of applj-ing the test: — "A test tube ia chai-ged with 
Fehling's solution to the depth of about a quarter of an inch, and 
the filtrate is added to the depth of about two inches, and the 
Is well mixed, so as to obtain a uniform coloration. The 
me of a lamp is then applied to the upper half of the column 
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of liquid, and this is briskly boiled for a couple of seconds. The 
tube is then held up to the light. If sugar be present, the 
boiled upper half of the column is soon seen to change — ^it loses 
its blue colour and assumes a yellowish tinge, and the earthy 
phosphates, which are thrown down in light flocks by the alkali 
of the test, are tinted more or less of a gold colour by the 
precipitation on them of the yellow suboxide of copper. Mean- 
while the lower unheated portion of the column remains, with 
its blue colour unchanged." 

The filtration through animal charcoal is a method which 
requires attention, at intervals, for some time, and hence is a 
rather tedious method for the medical practitioner. Also some 
care is required in the choice of a specimen of animal charcoal. 
Sometimes impurities are removed from the animal charcoal, 
which interfere greatly with the testing of the filtrate for sugar. 

This method is of service when we wish to exclude excess of 
uric acid as a source of fallacy in testing for sugar. 

{d) Haines' fluid. — Haines (®) employs a copper solution of 
the following composition in place of Fehling's solution: — 

Pure copper sulphate . . .30 grs. 

Distilled water . . . . . i oz. 
Make a perfect solution, and add pure 

glycerin ^ oz. 

Mix thoroughly, and add 5 oz. of liquor potassae. 

In using this solution, 1 drm. is placed in a test tube and 
gently boiled ; six to eight drops of urine are then added, and the 
solution again gently boiled. If sugar be present, a precipitate 
of copper oxide is thrown down. The test solution is said to be 
very stable, and to keep for a long time. 

{e) Pavys modi/iccUion of Fehling's solution, — Another sub- 
stitute for Fehling's solution is Pavy' fluid, which is of great 
service in the quantitative estimation of sugar in the urine. It 
will be found described on p. 42. 

(/) Fehlhujs test before and after fermerUation ; Worm-Muller^s 
method, — Worm-MuUer has recommended a combination of 
fermentation with Fehling's test. 

The urine is placed in a flask with yeast to ferment. If the 
fluid reduces Fehlings solution before the addition of yeast, 
and after the action of yeast for some time fails to do so, 
then sugar is indicated. The test is conclusive, providing all 
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the sugar has fermeuted. But Seegeii points out that sonae- 
timea this may not occur for thirty-aijc or forty-eight hours ; and 
when very mhiute quantities of sugar are present, feimentalion 
may not be completed even at this time, ytill, the test is ot 
great service. A total disappearance op a very great diminution 
of the reducing power of the urine, after the action of yeast, 
indicates the presence of glucoee. 

Picric acid teat of Brann avd Johnson (^"y — To a drachm of 
acid urine add its own volume of u saturated solution of picric 
acid and J drtn. of liquor potassit, and boil for n few seconds. 
An ordinary test tube, half an inch in dinmeter, is used in 
performing the test. If, when the tube is held up to the light, 
a bright red colour is visible through the middle of the column 
of liquid, do sugar is present. As little as 2 grs. of glucose to 
the ounce will render the liquid so dark that no light is trans- 
mitted through the middle of the tabe. The urine of patients 
taking salicyliite of sodium is daikened by boiling with picric 
acid and potash to a degree that might indicate from I to 2 grs. 
of glucose per ounce. (When the solutions are mixed beforo 
heat is applied, a slight red coloration is obtained, owing to a 
little retluction ot picric acid by creatiniue.) 

Bismuth tests. — Bismuth salts are reduced to black metallic 
bismuth when heated in an alkaline solution in the presence of 
glucose. 

(a) Bottger's test. — Urine and a concentrated solution of 
carbonate of soda are mixed in equal quantities, aud a little 
subnitrate of bismnth is added. The mixture is then boiled; 
if sugar be present, the bismuth Eubnitrate is reduced, and the 
mixture becomes black. The test is less sensitive than Fehling's 
test; if the patient has taken rhubarb, a black precipitate may 
be obtained though sugar is absent. The presence of albumin 
also gives rise to a black deposit. 

(b) Nylnnder's modifiaition is said to be more accurate. 
Alm^n's fluid is used. It consists of 4 grms. of Bochelle salts 
(tartarated soda and potash), dissolved in 100 c.c. of a 10 per 
cent, solution of caustic soda. The fluid is warmed, and 2 grms. 
of subnitrate of bismuth added. One volume of this tluid is 
added to ten volumes of urine, and the mixture heated ; in a 
few minutes (three to five) it will become black if sugar be 
ra'esent. The reaction will indicate the presence of O'l per cent. 

\eugar. 
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Nylander*8 test is of service chiefly as a negative test. If 
no reaction is obtained, then sugar is absent, or the amount is 
less than 0*1 per cent. If the reaction is marked, then probably 
sugar is present (providing the urine does not contain albumin 
or any drug which reduces bismuth). If the reaction be in- 
distinct, other confirmatory tests should be tried. 

Ruhicrs test. — To the susi)ected urine an equal volume of 
a concentrated solution of acetate of lead is added. A thick 
white precipitate forms ; this is filtered off ; and to the filtrate, 
in a test tube, ammonia is added drop by drop until a thick 
curdy white precipitate forms. The test tube is then warmed 
carefully to a temperature not exceeding 80° C. If grape sugar 
be present in the urine, the white precipitate changes to a rose- 
red or cherry-red colour. By heating the tube more rapidly 
and to a higher temperature, a coffee-brown coloration is 
obtained. In order that this reaction shall occur, the urine 
must contain 0*25 per cent, of grape sugar. 

Milk sugar does not give this rose-red coloration ; only a 
brown or yellowisli-red coloration is obtained. 

IndifjO'Carminc {Mulder's test). — When a solution of indigo- 
carmine (sulphiiidigotate of sodium) is boiled with a solution 
of carbonate of soda, the rich blue colour of the former remains 
unchanged, but if a drop of urine containing glucose be present 
in the mixture, then the blue colour disappears and the fluid 
becomes yellow. If the fluid be then shaken up in the test 
tube, the action of the oxygen of the air causes the blue colour 
to return. The test solutions are very liable to decompose, 
however, and hence in this form the test is seldom used. 
Its chief advantage is that the reagents can be employed in 
the form of dry test papers, and these have been largely used 
by Oliver (^^) for the bedside testing of urine. Slips of paper 
are soaked in a solution of sodium carbonate ; they are then 
dried and kept for future use. Similar papers are soaked in 
a solution of indigo-carmine, and dried. (Test-papers prepared 
according to Dr. Oliver's direction are supplied by Messrs. M. 
Wilson & Son, of Harrogate.) 

Olivers mode of testiwj. — An indigo-carmine jjaper is dropped 
into a half -inch test tube, then a carbonate of soda paper is 
added, and the two papers are covered by a drachm of water. 
Heat is applied until the water boils. If the water be soft, a 
transparent blue fluid is obtained ; if the water be hard, then 
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the solution will be turbid; in this cose a second carbonate of 
soda paper may be added. One drop of the suspected urine ia 
allowed to fall into the tube from a pipette held vertically. 
The contents of the tube are again boiled freely for a few 
seconds, then the tube is raised and held an inch or two above 
the flame for a minute. If glucose be present, the rich blue 
colour changes to violet, then the solution becomes purple, red, 
reddish yellow, and finally straw yellow. The time required for 
the development of the above reaction depends on the amount 
of glucose present. If the glucose bo present in large quantity 
(over 20 grs. to the ounce), the reaction develops in a few 
seconds. It the quantity of glucose be small, the reaction may 
not occur for thirty or sixty seconds. On shaking the test tube 
after the fluid has been decolorised by glucose, the blue colour 
retuma. 

Indigo -carmine is )uyt decolorised by uric acid, albumin, 
mucus, pus, or bile; but the reaction is obtained with liquor 
potassa; and soda!, dextrin, and milk sugar as well as glucose. 
Indigo -carmine is of service as a negative test when a great 
excess of uric acid haa given a sliglit reduction of Fehling's 
solution. It is also useful as a positive test when lactose is 
present in the urine. 

ffojipe-Sei/lcr's orlhonitro-phenylpTOpioiie acid lest Q^). — Btieyer 
has shown that orthonitro-phenylpropioHc acid is converted into 
indigo when heated with alkalies and a reducing substance such 
as grape sugar. A half per cent solution is employed. In 100 
c,c. of a 10 per cent, solution of caustic soda, 5-76 grms. of 
orthonitro-phenylpropiolic acid are dissolved, and water ie added 
up to 1000 cc. A brownish fluid is obtained, which keeps 
fairly well. In testing for sugar, about I drm. of this solution 
is placed in a test tube, and ten drops of the suspected urine are 
added. The mLxture is boiled for a quarter of a minute. The 
fluid becomes dark blue, if the urine contains as much as 05 
per cent of sugar. A distinct blue colour is not obtained with 
normal urine. Even when large quantities are added to the test 
solution, only a greenish coloration is obtained. If the urine 
contains more than 2 per cent, of albumin, which is rare, then 
a dark red coloration is obtained. 

The ad\-antages of this test are said to be that the reagents 
keep well, that ouly a small quantity of urine is required. The 
reactdon is not influenced by any ordinary amotmt of albumin ; 
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it is less influenced by other reducing substances, such as 
creatine and creatinine, than many sugar tests, and thus has 
an advantage over Trommer's test, Nylander's test, etc 

The test is not so sensitive as either the phenylhydrazin or 
the fermentation tests, and not quite so sensitive as Febliug's solu- 
tion. It is imj)ortant not to add too much urine, otherwise no 
blue coloration is obtained, even when sugar is present. The 
test is rapidly performed, and is a good confiitnatory reaction 
when sugar is present to the extent of 0*5 per cent. I Iiave 
given it a fair trial, and never obtained any reaction with 
normal urines. Urine containing bile pigment gave no reaction ; 
also the urine of patients taking sodium salicylate did not pro- 
duce any blue coloration. 

Jfcthi/kiic Uhc tcsfQ^). — Methylene blue is decolorised by 
glucose iu a warm alkaline solution. In performing the test, 
the diabetic or suspected urine is diluted (1 part to 9 of water). 
Of this diluted urine, 2 c.c. are mixed with 6 cc. of a 1 in 3000 
solution of methylene ]»lue, and 2 c.c. of liquor potassiv added. 
The mixture is boiled for one or two minutes, when the blue 
colour disappeav.s if sugar be present. Care must be taken that 
the thud is sliaken as little as possible, since the blue colour 
returns easily, owing to the action of the oxygen of the air. It 
is important to dilute the lU'ine, as all undiluted urine dis- 
charges the blue colour ; but normal urine diluted 1 to 9 of 
water does not decolorise methylene blue. I have obtained a 
distinct reaction by this method when diabetic urine was diluted, 
until the percentage of sugar was only 007, but when further 
diluted until it was '014 no reaction was obtained. I have 
found, however, that urine rich in urates gave a doubtful reaction 
wlien diluted 1 to 9, and I do not think the test so satisfactory 
as some of those already mentioned. 

Saffranin test. — Safiranin when dissolved i!i water produces 
a blood-red solution, which is decolorised wlien heated with 
liquor potassie and grape sugar. This reaction has been sug- 
gested as a test for glucose in the urine, and has recently been 
strongly advocated by Allen Q^). In performing the test, equal 
parts of the suspected urine, liquor potasste, and a 1 in 1000 
watery solution of safiranin are mixed in a test tube and boiled 
freely, agitation being avoided as much as possible. Normal 
urine does not decolorise saffranin, but urine conttiining O'l per 
cent, of sugar causes the red colour to disappear. Urine con- 
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jftining 0'07 per cent almost decolorises the above mixture — 
only.i faint red tinge remaius. Uric acid, creatine, creatinine, are 
said not to decolorise saffranin. Albumin, however, decolorises 
it slowly, and hence ought to be removed before testing for 
sugHr. I have found the test unsatisfactory, and have obtained 
doubtful reactions when sugar has been absent. 

The fermentation test. — As a positive test, this is the moat 
certain reaction for grape sugar in the urine. If yeast be 
mixed with urine containing grape 
sugar, and the specimen kept in a 
warm place, fermentation occurs ; the 
sugar is decomposed, alcohol and car- 
bonic acida are formed : — 

■ CoHijOo= SCoHbO + 2C0i 

^B (glucoM) (Hlcohol) (vnrbonic ncid). 

Other changes of minor importance 
also occur. The liberation of carbonic 
acid gas Indicates the presence of 
sugar. 

The test can be performed in an 
ordinary test tube, which is filled with 
urine and a little yeast, and inverti'<l 
in mercury. Or one may employ h 
U-shaped tube ('*), or an iuverte*! 
test tube, the lower fourth of whicL 
is filled with mercury, and the mouth 
closed with a stopper perforated with 
a glass tube bent twice at right angles, 
as shown iu the diagram. Now, if 
grape sugar be present in the suspected i 
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ine, carbonic acid gas is 
formed, and collects at the top of the test tube or U-shaped tube 
(seeFigs. I. 1-3). It is always important to use a coti/i-o/ test tube 
containing yeast and normal urine, i.e. urine which does not 
give any reaction with Fehling's solution, since the yeast 
alone suspended in normal urine gives rise to the formation 
1 small bubble of gas, which collects at the top of the tube 
! Fig. 1). 

The use of mercury is not necessary, and the fermentation 
; for the detection of grape sugar c-vn be most conveniently 
n"ied out in the following manner (Moritz)r — Two oi-dinary 
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test tubes ot equal size fite employed. The s<tme quantity of 
Gennan yeust (weighed) is placed in the bottom of each. About 
one-tenth of each tube is fiUeil with dry yeast The one 
tube is then tilled to the brim with the suspected urine; the 
other with normal urine (ie. urine which gives no reaction with 
Fehling'a stilution). The mouth of each teat tube is closed with 
iui india-rubber stopper peiforated with a glass tube, bent twice 
at right angles (see Fig. 1). A little of the fluid escapes into 
the glass tubes when the stoppei'S are inserted. The two test 
tubes are inverted and placed side by side in a warm place, 
supported in a glass tumbler, or in some other way. The atmo- 




spheric pressure keeps up the column of fluid in each test tube. 
At the end of eighteen to twenty hours, often long before that 
time, femientatiou will have occurred, if sugar be present in the 
suspected urine. At the top of the tube containing the normal 
urine and yeast, a bubble of gas collects — this being given off 
from the yeast itself. In the other tube containing the sus- 
pected urine, if grape sugar be present, a greater quantity of gas 
eollecta at the top than in the case of the first test tube. The 
gas may occupy a quarter of an inch, half an inch, or an inch at 
the top ot the tube; or if the sugar be greater in quantity, half 
the tube or the whole tube may be filled with gas, and the fluid 
expelled to a corresponding amount. Any e.xcess of gas in the 
tube containing the suspected urine, beyond the small bubble 
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given ofiF by the yeast itself in the tube containing the normal 
urine, indicates the presence of grape sugar or other fermentable 
sugar. 

It is important that the tube be kept in a place which is 
not too warm ; also the india-rubber stopper ought to fit the test 
tubes accurately. The control tube containing normal urine 
+ yeast is always necessary, since the amount of gas which 
collects in this tube varies considerably, according to the 
activity of the yeast. Carried out in this simple manner, the 
fermentation test is most useful and reliable as a positive test. 
Moritz (}^ ^^) recommends that the quantity of yeast should be 
2 per cent. The best temperature for fermentation is 25° C. 

It is pointed out by Moritz, however, that to avoid all 
possible fallacies four tubes are useful, since the results might 
be unreliable, owing to the activity of the yeast being greatly 
impaired, or owing to the urine containing some substance pre- 
venting the fermentation of yeast : — 

1. A tube containing normal urine + 2 p. c. of yeast. 

2. „ „ „ „ +0-1 p. c. of sugar. 

3. „ „ the suspected urine „ 

4 4-0-1 

Tube 1 shows the amount of gas which is given ofiF by the 
yeast itself. 

Tube 2 shows whether the yeast is capable of giving rise to 
fermentation, Le, it indicates the activity of the yeast itself. If 
the yeast be active, the gas in Tube 2 will be in excess of the 
bubble of gas in the Tube 1. 

Tube 3 is for comparison with Tube 1 ; and if an excess of 
gas is present in 3 beyond that in 1, sugar is indicated. 

Tube 4 shows whether the suspected urine is capable of 
being fermented. If so, then the gas in 4 will be in excess of 
that in 3. If there is no formation of gas in 4, then we may 
conclude that there is some substance present which is checking 
fermentation. As a rule, however, four tubes are not necessary, 
and a conclusion can generally be arrived at from the result 
given by two tubes, as described above. 

VdUue of the test — As a positive reaction, fermentation is 
the most reliable test for sugar. If gas be given ofif in excess 
of that yielded by the yeast + normal urine, then we may 
conclude with certainty that sugar is present in the suspected 
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urine. No other substance met with in the urine ferments and 
gives off gas when subjected to the action of yeast 

One of the chief objections to the test is the time wliich is 

required, but this does not appear to me to 
be a very serious objection. The tubes as 
above described can be prepared in a few 
minutes. They are then placed aside for 
twenty-four hours, and, when examined at the 
end of that time, at a glance one can see if 
there is any indication of sugar. 

Another objection is, that the test is not 
so sensitive as many other reactions. 

If no gas be liberated by the fermentation 
test, and if there be no source of fallacy with 
regard to the yeast, and if fermentation is 
capable of occurring in the urine when sugar 
is added (and these points can be determined 
by the four tubes recommended by Moritz and 
described above), we are justified in concluding 
that sugar is either absent or only present in 
very small quantity ; but we cannot say that 
narrow part of the ^ minutc quantity of sugar does not exist in 

tube contains mercury - . ▼ ^i p . i.* x i. ^.v. 

(iieep black). ^^^^ uHue. In the fermentation test the 

fluid absorbs its own volume of carbonic acid 
gas, hence a very small quantity of sugar may be present and 
this may ferment, but all the gas may be absorbed. 

By using very active yeast I have sometimes obtained a dis- 
tinct reaction with the fenuentation test when Fehling's solution 
has only given a doubtful reaction, i.e, when the urine has not 
reduced Fehling's solution at once on boiling, but has done so 
only as the test tube cooled. According to Sir William Roberts, 
if the amount of sugar be less than 0*5 per cent., it cannot be 
detected by the fermentation test. According to von Jaksch 
and Jolles(^^), by the fermentation test 0*1 per cent, of sugar 
can be detected. Einhorn i}^) states that, by boiling the urine 
for ten minutes before applying the fermentation test, he can 
detect 0'05 per cent, of sugar, and this statement is confirmed 
by Kobrak ("*). Of course, as Einhorn points out, it is of great 
imi)ortance to place the same quantity of yeast in each tube. 
Einhorn also recommends the use of a large quantity of yeast — 
1 of yeast to 1 of fluid. 



Fio. 3. — U-shaped tulx? 
for detecting sugar in 
the urine by the fer- 
mentation test. The 
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Seegen has poiuted out that when only a minute quantity of 
sugar is present, fermentation occurs very slowly. 

Moritz (^) recommends a combination of Nylander's test and 
fermentation, in order to be quite sure that a trace of sugar is 
not present when no gas has been liberated. Urine which gives 
a positive result with Nylander's test, but after fermentation no 
longer gives Nylander's reaction, can with certainty be declared 
to contain sugar. Urine which gives Nylander's reaction, but 
does not ferment with yeast, and after the action of yeast still 
gives Nylander's reaction, does not contain sugar but some other 
reducing body. 

The phenylhydrazin test. — A confirmatory test, about which 
much has been recently written, is the phenylhydrazin test. 

The researches of Emil Fischer (2^) have shown that many 
kinds of sugar are able to combine with phenylhydrazin and 
form definite crystalline compounds — osazones. These com- 
pounds present minor differences in their melting points, 
solubility, etc., according to the form of sugar from which they 
have been prepared. 

By the action of phenylhydrazin on grape sugar a charac- 
teristic crystalline compound is formed, phenylglucosazone. The 
crystals are needle-shaped and have a bright sulphur-yellow 
colour. This reaction was strongly recommended by von 
Jaksch (^) some years ago as the basis of a clinical test for 
grape sugar in the urine. The following is the method which he 
employs {^) : — 

Two parts of hydrochlorate of phenylhydrazin (twice as much 
of the phenylhydrazin salt as will lie on the point of a knife) 
and three of acetate of soda are placed together in a test tube 
containing 6 to 8 c.c. of urine. If the salts do not dissolve when 
the fluid is warmed, a little water is added. The test tube 
containing the mixture is placed for 20 to 30 minutes in boiling 
water. It is then taken out and placed in a vessel containing 
cold water. If sugar be present a yellowish deposit forms, 
which, on microscopical examination, is seen to contain yellow 
needle-shaped crystals, often in clusters, in tufts, sheaves, or 
rosettes. These are the crystals of phenylglucosazone, which 
have a melting point ot 205^ C. 

Now, if performed in this manner, it is necessary to make use 
of a water-bath, and to keep the water boiling for twenty to thirty 
minutes. This, of course, presents no difficulty in the laboratory, 



but for clinical work is somewhat troubleEome. AUo, in the 
hands of many iitedical men, the test has sometimes failed when 
performed m this maimer, even though sugar has been present 
in the urine in considerable amount One cause of failure is 
l>robabIy because the quantity of the reagent recommended in 
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Fio. 4.— The ]ihBaylhjiIrKin test for sugar, a, cr)nl»ls obtmuisl with g 
■ngu- (phoaylgldenKBionii) ; A, cryatnla ohtftiiiedwlth iBctoaHUmiple ni«tbod}g. J 
p, minnto crysfidfl, of donbllnl nstunj, oblsineJ frniii nonual urine by fbllow-' J 
ing the niBthod of Moriti ; not ohtaiued iu niinple aietliwi of applying te 

von Jakscb's description of the test (namely, twice as much pheiq 
hydrazin as will lie on the point of a knife) ia somewhat 
indefinite, and this description has been copied in many accoimts 
of the test which are given in Engltsli medical text-books. 

The following is a veri/ mnplc clinical method of performing 
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tiie plienj-lhydrazin test, which 1 have employed for seven 
years with the best results — a method deeeribed in foreign 
medical literature some years ago, but not generally referred to 
in English medical books. 

The simple method to which I refer has been described in the 
work on urine aualysis by Hoflinanii and IJltzinann, and the 
following, which I have found so useful, is a very slight modifi- 
cation thereof. A test tube of ordinary size is filled for about 
half an inch with hydrochlorate of plienylhydrazin ' (in powder); 
then acetate of soda in powder (or small crystals) is added for 
another h'df iiuh. The teat tube is then half-filled with urine 
and boiled over a spirit-lamp. In performing the test I have 
not attempted to dissolve the salts by shaking the tube, but 
have simply applied llic Hame of the lamp to the bottom of the 
tnbe, and the powders have soon passed into solution. After 
the urine has reached the boiling point, I have always continued 
to boil for about tieo minules. The tube is then left in the teat 
stand and examined again some time afterwards. If sugar be 
present, a yellowish deposit forms at the bottom of the tube, 
and on microscopical examination this deposit is seen to 
consist chiefly of beautiful needle-shaped crystals of a bright 
sulphur-yellow colour. Generally the needles are arranged 
in tufts, sheaves, or rosettes. Tfie crystals are found after 
the tube has been standing for half an hour, frequently at 
the end of fifteen or twenty minutes; but after boiling the 
tube I have generally placed it in a test stand and not 
examined the deposit for a few hours. If no sugar is present, 
only brownish amorphous globules or yellowish scales are found 
in the deposit. 

This method is exceedingly simple, and very little time 
and attention are required. In four minutes the first part of 
the test can be easily completed; the tube is then left in 
the test stand and examined at a convenient time some hours 
later. Permanent specimens of the crystals can be prepared by 
drying a little of the deposit on a slide and mounting it in 
Canada balsam. 

The value of tlie test. — I have used this simplified method 
r seven years in a very large number of urine examinations, 

■ Hydroohlonle of phrnylhydrniin Ls a bran-nisli powcitr liftviiig a jieouliir imeU. It 
'1m|Jr k«pt in the poivderc) tonu in a dry iKitlle. Tbe aiieUttii ol sodn i.i hIso kept in 
'or In Rnollier botUe. 
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and have never faileil to find (ibundance of the characteristic 
crystals on microscopical examination, if sugar has been present, 
even when the quantity has been very minute. The reagents 
are powders which usually keep ^vell tor months, and in this 
resiK3ct they have a distinct advantage over Fehling's solution, 
which so frequently decomposes. 

The test can be |>erformed, and the characteristic crystals 
Ciosily obtained, even when the urine contains a large quantity 
of albumin. I have found the crystals easily in urines loaded 
with all)umin, but which contained only a very small amount 
of sugar. In such cases the bright yellow crystals are easily 
distinguished from the amorphous granules of coagulated albumin 
on luicToscopic examination. It is always better, of course, to 
remove the albumin tiret, if the quantity should be very great 

r>y performing the test in the simple manner just described 
(ir. Ixjiling for two minutes only), I have never obtained any 
crystals of phony Iglucosuzone in normal urine. Several years 
ago I applied this test to the urines of fifty persons who were 
either in good health, or were not suffering fi-om any disease 
whicli is accompanied by glycosuria or other diabetic symptoms. 
(In eacli case no reaction for sugar was obtained with Fehlings 
solution.) 1 was never able to find any trace of phenylglucx)sazone 
crystals in tliese fifty cases. Since that time I have applied the 
test on vcrv numerous occasions to normal urine, but alwavs 
with negative results. Hence I think this simplified method 
of performing the test may be regarded as quite reliable for 
clinical work, and not too sensitive. 

A great advantiige of the phenylhydrazin test is, that it gives 
no reaction with uric acid, creatinine, hippuric acid, pyrocatechin, 
etc., whilst these substances may be a source of fallacy when 
Fehling's test is applied. 

Now, two objections have been raised to phenylhydrazin as 
a clinical test for sugar in the urine — (1) It is said to give a 
slight reaction with many normal urines and to be too sensitive for 
clinical work. (2) It is said that glycuronic acid, if present in 
the mine, will give rise to crystals similar to those of phenyl- 
glucosazone. 

As regards the objection that it is too sensitive for clinical 
work, it has been pointed out by many observer that a small 
deposit of the crystals may be obtained in many normal urines. 
Thus, Binet (-**) succeeded in obtaining the crystals in one-half of 
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normal urines which he examined, but the test tube was 
ipt in Q, hof-wal(T hath for one hour. 

Motitz (^') has pointed out that if certain proportions of the 
[ents be employed, a alight deposit of minute yellow crystals 
^n be obtained in alinost all normal unnes. These proportions 
follows: — To 10 c.c. of urine, o grm. of hydrochlorate 
phenylhydrazin and 1"0 grm. of sodium acetate are added. 
The tube is placed in a water-buth, which is heated for one hour. 
I have perfonned the test in this manner a good number of 
times with perfectly normal urine, and have always succeeded in 
obtaining a very slight deposit of the minute yellow crystals, 
when I have foUmced Moritz's method strictly. But, as above 
mentioned, I have never succeeded in obtaining the crystals from 
normal urine when I have employed the simple method — boiling 
in a test tube for two minutes only. 

The crystals obtained from diabetic urine are generally long 
fine needles (see Fig. 4, a), but those obtained from normal urine 
by Moritz's method are minute very short needles, arranged 
generally in rosettes, forming " thorn-apple " crystals (see Fig. 4, c). 
According to JoUes (-"), the crystals obtained from normal urine 
are always thicker and more plump than in diabetes. Both 
have the same sulphur -yellow colour. Even when diabetic 
urine is very greatly diluted, so that the amount of sugar is 
only O'Olo per cent,, the crystals may be still loii>/ fine needles ; 
but I have always found the crystals minute and veri/ short 
("thorn-apple" erj-stals) when obtained from normal urine by 
Moritz's method. In cases of glycosuria, however, I have 
.■pccasionally found shorter forms of crystals. 

Moritz(^") points out that in normal urine, even when hia 
iitive method is used, the deposit of yellow crystals is 
■very small in amount, whilst in {glycosuria and diabetes the 
deposit of crystals is very ahmdanf. He regards this as a point 
of importance in tbe diagnosis. 

Now the question arises, What is the cause of the small 
deposit of minute short crystals in normal urine, when the test 
is carried out according to Moritz's sauUiix method ? On this 
point there is considerable diH'erence of opinion, Thierfelder ('*) 
has shown that glycuronic acid forms yellow needle-shaped 
crystals with phenylhydrazin. According to Fllickiger (™), a 
small amount of glycuronic acid is present in normal 
line, and the minute crystals obtained from normal urine 
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by the d'licaU method of performiDg the phenjlhydiazin test 
are due to this acid. Geyer (^) states that after the action of 
yeast on normal urine the crystals are still obtained, and he 
regards them as due to glycuronic acid, since a trace of sugar 
would have been destroyed by fermentation. Jolles (**) also 
believes the crvstals obtained from normal urine are due to 
glycuronic acid. Moritz thinks they are due partly to the 
small amount of sugar which (according to some physiologists) 
is present in normal urine, partly to other substances, possibly 
glycuronic acid. 

By a careful chemical process ^ Moritz has obtained yellow 
needle-shaped crystals on applying the phenylhydrazin test to a 
large quantity of normal urine, and has proved them to be due 
to sugar and not to glycuronic acid, since their melting point 
was 204 to 205' C. Hence he concludes that a trace of sugar is 
found in normal urine. 

I have made several experiments on this point, but have not 
been able to confirm Geyer's statement, that these minute crystals 
are still obtained after the action of yeast on normal urine. It 
has been pointed out by Seegen, that if a fluid such as urine 
contains a verj' small amount of sugar, it ferments very slowly 
(thirty-eight hours may be required to complete the fermentation). 
If the minute crvstals obtained from normal urine are due to the 
trace of sugar which some physiologists think is always present, 
then, in order to decompose it by fermentation, it would be 
necessary to submit the urine to the prolonged action of yeast ; 
and I have found that, after the action of yeast for forty hours, 
these minute crvstals cannot be obtained. 

A quantity of nomial urine recently passed was divided into two 
portions. One portion was placed in a bottle without the addition of 
any yeast. To the other iK)rtion a quantity of yeast was added, and it 
was kept for forty hours in a warm place. At the end of this time, 10 cc 
of the urine to which no yeast had been added were placed in a test 
tube, A, with 0*5 grm. phenylhydrazin hydrocbloratc and 1 grm. sodiiuu 
acetate. Into a second tube, B, was placed 10 cc. of the urine to 
which the yeast had been added (and which had been kept warm), and 
0*5 grm. of phenylhydrazin hydrochlorate and 1 grm. sodium acetate 
were added. Both test tubes were placed in the same water-bath and 
lieated for one hour ; the tubes were then allowed to stand until next 
day. The deposit in the former tube, A, contained minute yellow 



1 Described in the Deutsche Arch,/, klin, Med.^ Leipzig, Bd. xlvi. S. 257. 
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crystals ; while in the deposit in the lutter tube, li — i.e. in urine ivhicli 
had been auhmitted to the action of yeaat for forty hours — no crystals 
could be found. 

Another exjieriment was performed in tlio same manner, but the 
stiecimena were tested iit the end of twenty hours. Both in tJie urine to 
which the yeast had been added, and in that to which no yeast had been 
added, minute yellow crystals were obtained. 

From these experimeiita we may conclude that the subattince 
in Dornial urine which gives rise to the minute yellow crystals. 
when Moritz's delicate method of performing the phenyl- 
hydrazin test is followed, is a body which is destroyed by the 
action of yeast and warmth for forty hours ; but it is not 
destroyed by the action of yeast for twenty hours. 

Now, whatever may be the cause of these minute crystals, 
they appear to me to form a serious objection to the test if it be 
performed according to the delicate metliod, with the use of the 
water-bath. Though the deposit of the crystal is very suiall in 
normal urine, but always abundant if but a very slight degree 
of glycosuria exists, and though the crystals are generally much 
smaller and more plump in normal urine than in the case of 
glycosuria, still I think that these points are insufficient to 
eiiable any but those who have had great experience in the test 
to decide whether a very small pathological amount of sugar is 
or is not present in any suspected urine. 

If, however, the water-bath be itol used, and if the test be 
performed in the simple numner above described — i.e. boiling in 
a teat tube for two minutes only — this ohjtction docs not apply. 
By the simple method these troublesome and dubious minute 

t yellow crystals arc not obtained in norjnai nrinf. 
The second objection to the phenylhydrazin test is, that 
yellow crystals similar to those of phenylglucosazone are pro- 
duced when glycuronic acid is present in the urine. 
The melting point of the crystals due to glycuronic acid is 
114° to 115° C, whilst that of the crystals of phenylglucosazone 
ia 205° C. But it is evident that, for clinical work, the deter- 
mining of the melting point of the crystals is too troublesome 
1 tedious a matter. 

The urine of patients taking salicylate of soda and ealol 
lerally gives a slight reduction of Fehliug's solution, and 



said to be due to glycuronic acid. In these 



1 



lave sometimes fmmd yellow needle-shaped crystals with the 



30 SUGAR TESTS. 

phenylhydrazin test, even when the simplified method has been 
employed, but only in about one-third of the cases. 

The objection that glycuronic acid may give rise to fallacy 
is a valid one, though practically this acid is not likely 
to give rise to much trouble, since its occurrence in any 
quantity of practical importance is generally due to some drug, 
and in such cases discontinuance of the medicine causes it to 
disappear from the urine, and then crystals will no longer be 
obtained by the simplified method of testing. Still, there is the 
possibility of the exceedingly rare occurrence of glycuronic acid 
apart from any drug treatment (see p. 11). 

Three cases have been recorded recently by Salkowski, in 
which pentose has been found in the urine. With phenylhydrazin 
it forms yellow needle-shaped crystals, which melt at 159** C. 
I^ut wliether such crystals would be produced by the simplified 
phenylhydrazin test (boiling for two minutes only), I do not 
know. The occurrence of this substance in the urine is pro- 
bably exceedingly rare, but it is now to be borne in mind as a 
possible, though very improbable, source of fallacy, both in 
Fehling s test and in the phenylhydrazin test. 

On applying the phenylhydrazin test in its simplified form 
(as above described, p. 25) to a solution of lactose in normal 
urine, I have never been able to obtain any needle-shaped yellow 
crystals like those characteristic of glucose, but I have found a 
deposit of small vellow globules with very short spines (see 
Fig. 4, 6). ^ ^ 

The (lelicacj/ of the simpUfml ^^/^fz/y/Ayf/rasm test (boiling 
for two minutes only). — As above mentioned, the simplified 
method is not too sensitive ; it does not give any reaction with 
normal urine. Still, it is exceedingly delicate ; more delicate 
than fermentation and than Fehling's solution, as is shown by 
the following experiments : — 

A diabetic urine containing 7*5 per cent, of sugar was 
greatly diluted with water until the percentage was only 00 15. 
This diluted urine gave (a) no reaction with Fehling*s solution 
in the cold ; {h) no reaction with Fehling's solution on boiling ; 
(c) no indication of sugar by the fermentation test ; {d) but a 
distinct deposit of long yellow crystals with the phenylhydrazin 
test (simplified method), boiling two minutes only. 

Conclusions, — 1. The phenylhydrazin test, if performed ac- 
cording to the above-described simplified method {i.e. boiling 
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the reagents with the urine for two minutes only), is a most 
valuable confirmatory test for sugar in the urine. The reagents 
do not readily decompose, the test is easily carried out, and is 
very suitable for clinical work. It is very sensitive — more 
sensitive than Fehling's test and the fermentation test — and will 
give a reaction with diluted urine containing only 0*015 per 
cent, of sugar. But it is not too sensitive, and gives no reaction 
with normal urine. 

Relative Sensitiveness of Several Urine Tests. 

+ indicates reaction ; indicates no reaction. 



Tkst fob Sugar. 


Amoi*nt of Olucosb in Urikb. 

• 


0*5 per cent. 


0*1 per cent. 


•05 per cent. 


'FelrKng'a ' solution -f 

heat. 

* 

Fehl!ng*8 solution jn 
the cold. 

FehliDg-'s solution after 
* filtration through 
animal charcoal^ 

Fermentation . 

Phenylhydrazin 
(Simple method.) 


■ ■ 4- 

( 
+ 

+ 


+ 
Very slight. 
+ 

+ 
Just detected. 

+ 




+ 

05-0-01 p.c. detected, 

but precipitate often 

occurs only 30 to 60 

seconds after heating. 



4- 
Distinct crystals when 
urine diluted, so that 
only 0*015 per cent, of 
glucose present. 



2. If in performing the test a water-bath be used, and 
boiling prolonged, the phenylhydrazin test is too sensitive, 
and is somewhat troublesome for clinical work. 

3. The great value of the phenylhydrazin test (simplified 
method) is as a negative test. A urine which gives no reaction 
by this method may be declared quite free from sugar for 
practical purposes. Thus in a doubtful case, in which a slight 
reduction, of copper oxide is produced by Fehling's test, if the 
simplified phenylhydrazin test gives no reaction, then the urine 
maybe declared free from sugar, and the reduction of copper 
due to some other body. 

4. Beside the various forms of sugar, so far as is known. 
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only glycuronic acid gives the phenylhydrazin reaction in the 
urine; but many substances which may occur in the urine 
reduce Fehling's solution. If the patient should be taking any 
drug, this must be discontinued, and the phenylhydrazin reaction 
would not then be obtained, if glycuronic acid due to medicine 
were the cause. If no drug is being taken, and the urine reacts 
to the simplified phenylhydrazin test, it is exceedingly probable 
that it contains sugar, since the occurrence of glycuronic acid 
in the urine in sufficient quantities to give the reactions is 
extremely rare. 

Besides glucose, other forms of sugar are occasionally, though 
very rarely, met with in the urine ; but at present no pathological 
importance can be attached to them. 

Milk sugar or lactose is present in the urine of women 
during lactation, and especially when there is engorgement of 
the breast in connection therewith (see p. 88). I have found 
it often present in cases of abscess of the female breast. 

Lactose reduces Fehling's solution on boiling. It is said not 
to ferment with yeast; according to some authors, however, 
slight fermentation does occur after the prolonged action of yeast. 
I have found that a strong solution of lactose in normal urine 
showed no signs of fermentation at the end of twenty-four hours, 
but at the end of forty hours there was a distinct but slight 
indication of fermentation {i.e, at the top of the tube containing 
the urine + lactose a little more g6is was present than in the 
control tube containing the normal urine). After the action of 
yeast for twenty-four hours on urine containing lactose, the fluid 
still reduces Fehling p solution. On the application of the phenyl- 
hydrazin test in its simplified form (as described on p. 25) to a 
solution of lactose in the normal urine, I have never been able 
to obtain any needle-shaped yellow crystals like those charac- 
teristic of glucose, but I have found a deposit of small yellow 
globules with exceedingly short spines (see Fig. 4, J). 

On the application of Eubner's test, no rose-red coloration is 
produced (as is the case with glucose), but the fluid becomes 
brown or yellowish red. 

According to Pavy (3^), a valuable indication of the presence 
of lactose is obtained by estimating the cupric-oxide reducing 
power of the urine before and after boiling with sulphuric add. 
Taking the cupric-oxide reducing power of glucose as 100, 
Pavy estimates that of lactose at 60, or a little over. When 
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[ converted into 



boiled witli dilute sulphuric acid, la 
dextrose and galactose — 

C„HmO„ + H^O = C„H,,0, + C„II„0„ 

(lactnst) (del [rose ) (gulnctosB) 

After boiliug with dilute sulphuric acid, if the phenyl- 
hydrazin teat be applied, tiien long straight needles and radiating 
clusters of yellow crystals of phenyldextrosazone and galaetosa- 
zone are obtained. 

Lfcvulosc- has occasionally been found in the urine, in cases 
of diabetes, along with grape sugar, but its occurrence is exceed- 
ingly rare. Seegen (^^) has only met with a single example in the 
examination of a very large number of diabetic urines, I-a;vulose 
reduces Fehling's solution like grape sugar; it ferments with 
yeast, yielding alcohol and carbonic acid gas ; it forms yellow 
needle-shaped crystals with phenylhydrazin, like those of phenyl- 
glucosazone ; but it differs from glucose by rotating the plane of 
polarised light to the left. When present along with glucose, it 
will be found that the urine will fail to rotate polarised light to 
the left, hut the degree of rotation ta the right (produced by the 
glucose) will be greiitly diminished (owing to the presence of 
the hevulose). In these cases the quantity of sugar indicated 
by the polarimeter will be markedly less than that indicated by 
the quantitative analysis with Fehling's solution. 

Cane sugar is said to be met with occasionally in the urine 
of persons who have taken large tiuantitiea of caue sugar in 
their food. It ferments, but does not reduce Fehling's solution, 
and forms no compound with phenylhydrazin. 

Penlosi: — As previously mentioned (on p. 30), Salkowski ("*) 
has recorded three cases in which pentose was found in the 
urine, and several have been reported since. No definite 
pathological importance can be attached to its occurrence, how- 
ever. The urine reduces Fehling's solution, but does not ferment 
under the action of yeaat. Pentose forms yellow needle-shaped 
crystals with phenylhydrazin, which melt at 159" C, and which 
are soluble in hot water. I have not had an opportunity of 
■yiug whether the phenylhydrazin test in its simplified form, 
I described on p. 25, will give any reaction with pentose. 

Urines containing pentose give a red coloration when warmed 
ith phlorogiucin and hydrochloric acid. Phloroglucin is 
wived in 5 or 6 c.c. of strong warm hydrochloric acid ; 
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it is added in excess, so that a small quantity is left over 
undissolved. The solution is divided into two portions, and 
allowed to cool. To one-half of the solution in a test tube, 
about half a c.c. of the suspected urine is added. To the 
other half of the fluid a similar quantity of normal urine is 
added. The test tubes are placed in a beaker containing boiling 
water. In a few seconds the suspected urine presents a bright 
red coloration if pentose be present, whilst the normal urine 
remains unchanged. 



Table shoiving Reactions given hj Variotis Suhstances which may Ite 

mistaken for Grape Sugar in the Urbie, 
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DETECTION OF GRAPE SUGAR IN THE URINE. 



II. On the Detection of .Small Quantities of (jKAPE 
Sugar in the X'rine. 



Whet 



is present in the urine in large quantities, its 
detection is easy ; but if only small quantities or traces be 
present, their detection with certainty is often troublesome. In 
the latter case, in spite of the great number oE tests for augar, 
often a satisfactory conclusion cannot be arrived at, unlesB the 
medical man be prepared to devote some time and care to the 
urine examination. 

No single sugar test is quite satisfactory in nil cases. Tbe 
best tests we jjoasess have some weak points when applied to the 
detection of minute quantities of sugar in the urine. Either they 
are not sufficiently senBitive, or they occasionally give reaction 
with other substances besides grape sugar. 

During the last eight years I have devoted a considerable 
amount of time to the examination of urine specimens which 
have been thought to contain small quantities of sugar, and 
have given a fair trial to all of the sugar tests just described ; 
but I have found Fehling'a solution, tbe phenyl by drazin test, and 
fermentation by far the most satisfactory. By these three tests, 
employed and combined in tbe order and manner which will be 
described, it is nearly always possible to decide with certainty 
whether a small quantity of sugar is present or absent in a 
suspected urine. 1 have found this combination exceedingly 
jeful, convenient, and reliable for clinical work, and the time 
ictuolly taken up in performing the several tests will not amount 
I many minutes, though it may he necessary to wait tweuty- 
rar hours before a decision can be given. 
In examining a suspected urine — 

1. Apply FehUng's teat, taking the usual precautions. For 
5 no other sugar test is needed. If a negative result 
■be obtained, the urine may he declared free from sugar in the 
clinical sense. A well-marked reduction of oxide of copjier, when 
other indications of diabetes are present, may be taken as evidence 
of the presence of grape sugar. But, as mentioned already, it is 
a third class of cases which is especially liable to cause trouble. 
There are often uo indications of diabetes or glycosuria, except 
the reduction of Fehling's solution, and frequently this reduction 
After the urine has been raised to the boiling 
fluid may be unchanged at first, but when the test 
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tube is allowed to cool, it becomes turbid, greenish, or greenish 
yellow. 

In these cases sometimes the reduction of copper is due to a 
small quantity of grape sugar, sometimes to other substances. 
As mentioned above, Fehling's solution may be slightly reduced, 
if the urine contain a great excess of uric acid or urates,^ 
especially when boiling is prolonged and when too much urine is 
added. It is also reduced by glycuronic acid, alkapton, or 
pyrociitechin ; slightly by creatine, creatinine, xanthine ; and 
by the following varieties of sugar besides glucose: — lactose, 
maltose, la'vulose, galactose, and pentose. Lactose is often present 
in the urine during lacUition and in cases of abscess of the 
breast. The presence of glycuronic acid in the urine is generally 
due to the administration of some drug (see p. 10), but Ashdown 
has shown that it may be occasionally met with when no drug 
is being taken. 

When the patient is under the influence of any of the drugs 
which are liable to cause the appearance of glycuronic acid in 
the urine, it is well to discontinue the treatment, and to test a 
second sample of urine. But this is not always possible, since 
an opinion must often be given on one specimen only. 

In the cases in which there are no indications of diabetes 
beydud the reduction of Fehling's solution, and especially if the 
reduction be slight or of an indefinite nature, it is evident, 
therefore, that some other test is necessary before coming to a 
decision. 

2. Apply tlic phcnj/lhydraziJi test, employing the simplified 
method of boiling for two minutes, without the use of a water- 
bath (for description, see p. 25). 

Whilst many substances may reduce Fehling's solution 
slightly, the majority of these give no reaction with the 
])henylhydrazin test. Thus uric acid, urates, creatine, creatinine, 
hippuric acid, xanthine, maltose, cane sugar, give no reaction. 

Now, phenylhydrazin is a most useful test for sugar when 
applied in the simple manner above described. It is exceedingly 

1 When the urine contains an excess of uric acid and urates, these can he removed by 
filtration several time-s through animal charcoal, whilst glucose passes through in the 
liltrate, an<l may then Ikj rearlily detected by Fehling's solution. Wlien a slight reduction 
of Fehling's solution is due to excess of uric acid or urates in the urine, the reduction 
will not l»e obtained after filtration through goo<l animal charcoal (sec p. 13). 

Urine which contains alkapton or pyrocatechin becomes greenish-brown on standing. 
It chanpi's to deep brown or black on the addition of a few drops of liquor potassie or 
ammonia. 
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sensitive, but not too sensitive for clinical work. A distinct 
reaction is obtained even when the urine contains only 0*015 per 
cent, of sugar, and no reaction is obtained with noraial urine 
when this simple method of performing the test is followed. 

It is of value chiefly as a negative test. If no reaction be 
obtained, we cOrn state with certainty that glucose is entirely absent, 
and that the reduction of the Fehling's solution was not due to 
glucose. If, then, no deposit of crystals be found in the test tube 
when examined half an hour (or perhaps better, one hour) after the 
test has been performed, no further testing is required. If the 
sulphur-yellow, needle-shaped crystals form, they generally do so 
in fifteen or twenty minutes. These crystals would indicate 
glucose almost with certainty, if numerous or large ; but there 
is just the possibility of glycuronic acid being the cause, especi- 
ally when the crystals are very scanty or small, and this is the 
weak point of a positive reaction with the phenylhydrazin test. 
If the crystals consist of globules with short spines as in Fig. 4, b, 
lactose may be suspected. If a positive reaction be obtained, 
and we wish to be quite certain that it is due to glucose, we 
must employ the next test. 

3. Apply the fermentation test, using two test tubes, one con- 
taining normal uritie for control, as described on p. 19, and 
taking the precautions there mentioned. If there should be a 
greater quantity of gas at the top of the tube containing the 
suspected urine, sugar is certainly present, and no further testing 
is required. 

A positive reaction is often obtained in one, two, or three 
hours, but twenty-four houi-s may be necessary. The weak point 
of this test is, that it will not give any reaction if the amount ^ 
of sugar should be less than 0*1 per cent. 

4. If no reaction is obtained by the fermentation test, apply 
Fehling*s test to the suspected urifie, which has been submitted to the 
action of yeast in the test tube for twenty-four hours. If now 
no reaction should be obtained with Fehling's solution, the urine 
lias contained glucose. A urine which has reduced Fehling's 
solution, however slightly, before fermentation, but which, after 
the action of yeast for twenty-four hours in the test tube, no 

1 Of course, reliable result will only be obtained when the yeast is active. There is 
no difficulty in obtaining active yeast, however. If the yeast should be suspected, a third 
test tube, containing the urine + yeast and a little glucose, would show whether it is 
capable of giving rise to fermentation. 
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linger reducea Feliling's solution, may with cerUiiiity be stated 
to havo coQtained sugar, even though no evidence thereof, by 
exceaa of gas, can he obtained by the fermentation test alone, 
Glycui-onic acid and lactose do not ferment, and therefore after 
the action of yeast for twenby-four hours the urine still reduces 
Fehling's solution. 

I have made a number of experiments on the value of this 
combined method, by adding a few drops of diabetic urine to 
a large quantity of norniul urine. By trial I have thus obtained 
samples of urine which contained so little sugar that they gave 
only a very indefinite reaction with Fehling's solution, i.t. a 
slight greenish opacity, which did not appear at once on boil- 
ing, but only developed after the urine was allowed to cool- 
A well-marked reaction was obtained in these cases by the 
phenylhydrazin test (characteristic crystals). Now, such urines 
gave no evidence of the presence of sugar, by excess of gas, 
when the fermentation test was applied in a test tube in the 
manner above described. Yet the mixed urine and yeast, taken 
from the test tube at the end of twenty-four hours, failed to 
reduce Fehling's solution. 

In these experiments the urine, before fermentation, con- 
tained a quantity of sugar, so small that only a very slight 
reaction was obtained by Fehling's test {i.e. when the lluid began 
to cool after boiling). Any quantity of sugar less than this, as 
Sir William Eoberts points out, is of no clinical importance. 
Hence this combination of tests is sufficient to give definite 
results, when the urine contains the smallest quantity of suga^ 
of any clinical imjiortance. 

When the tests are performed in the above order, the phenyl- 
hydrazin test at once eliminates the majority of the substances, 
other than sugar, which cause the reduction of Fehling's solution. 
Very often a negative result is obtained, and no further testing 
is required; no fermentation is necessary, and thus much time 
is saved. In case a positive result should be obtained with 
phenylhydrazin, the application of the fermentation test may 
be necessary. It may or may not reveal the presence of sugar. 
In either case, if the urine no longer reduces FehUng's solution 
(after the action of yeast), sugar is indicateil. ISy the applica- 
tion of the above combinabion of tests, in the order and manner 
described, I believe small quantities or traces of sugar can be 
detected with greater certainty and with less actual expenditure 
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of time than by any other means, though it may be necessary in 
some cases to allow twenty-four hours to elapse before an 
opinion can be given ; still the time actually expended in 
performing the test is but little, and the methods are very 
simple and convenient for clinical work. 

I.— Fehuno's Solution. 
I 



No reaction = 
no sQgar. 



Slight reaction, other dia- 
betic indications absent 
(glucose, lactose, pen- 
tose, uric acid in excess, 
glycuronic acid, alkap- 
ton, etc. etc.). 

• 

II.— Phenylhydbazin Test (Simplified Method). 



A marked re- 
action and 
other indi- 
cations of 
dial>etes = 
sugar. 



No reaction = no 
sugar. (Qives 
no reaction 
with uric acid, 
creatinine, etc. ) 



Reaction — yellow crystals. 



i I I 

Glucose, crystals Glycuronic acid, crj's- Lactose crys- 

abnndant. tals scanty, and smal- stals, glo- 

I ler as a rule. Gener- bular, with 

ally patient taking very short 

some drug. spines. 



III.— Ferment Urine. 



Distinct evidence of 
gas = glucose. 



No gas. 



IV.— Fehling's Test after 
Fermentation Test. 



Glucose under 
0*1 per cent. 

I 

/'After action of yeast 
I for twenty - four 
-| hours, urine does 
I not reduce Fehliug's 
^ solution. 



Glycuronic 
acid. 

I 



Lactose. 



{ 



Still re<luces 
Fehling's 
solution. 



HI. Quantitative Estimation of Sugar in the Urine. 

By the intensity of the reaction to the ordinary tests we 
may determine whether the urine contains merely a trace of 
sugar, or a large quantity ; but often it is of service to determine 
the exact amount, since the quantity of sugar excreted daily is 
one indication of the severity of the case and of the course of the 
disease, as will be pointed out in a subsequent chapter. 

The following are the methods chiefly used for the quantitat- 
ive estimation of glucose in the urine : — 

1. Fermentation method of Sir William Roberts (^). — This is the 
most simple method. It gives results which, though not quite 
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accurate, are still sufficient for clinical purposes. The whole 
time actually re<|uired for the estimation is not more than four 
or tive minutes, but it is necessary to wait for twenty-four hours 
for the complete destruction of the sugar by fermentation. 

As a method of estimating the daily sugar excretion, in order 
to judge of the value of various methods of treatment in reducing 
glycosuria, the fermentation test is most convenient. The 
method is founded on the diminution of the specific gravity 
wliich occurs in saccharine urine after fermentation with yeast. 
The sugar is decomposed, and alcohol and carbonic acid are 
formed. The reduction of specific gravity is due to (1) the 
destruction of glucose, (2) to the presence of alcohol formed by 
fermentation. Sir William Eoberts pointed out, many years ago, 
that each d^^fjrec of spevijic gravity lost hi/ saccharine urine, through 
fermentation, corresponds practically to one grain of sugar to the ounce. 

The following is the method of performing the test. About 
4 oz. of the diabetic urine are placed in a 12-oz. bottle, and a 
piece of German yeast about the size of a small walnut is added. 
Into the moutli of the bottle is placed a cork which is nicked, in 
order that the carbonic acid gas which is formed by fermentation 
may escape. The bottle is put in some warm place, flo 
that fermentation may occur. A second bottle, containing 
4 oz. of the diabetic urine, without any yeast, is placed 
beside the first bottle. At the end of twenty-four hours the 
urine in tlie first bottle will have fermented, the sugar will have 
been decomposed, and the specific gravity will be diminished. 
Two urine glasses are taken ; one is filled with the fermented 
urine, the other with the unfermented urine. The specific 
gravity of each is ascertained by the urinometer. The difference 
of the two will indicate the number of grains of sugar per ounce. 

For example — 

Specific gravity of inifemiented urine . 1040 
„ of fermented „ . . 1005 



Difference . . . 35"* of sp. gr. 
. •. Urine contains 35 grs. of sugar to the ounce. 

If the total quantity of urine for the twenty-four hours be 
200 oz., for example, then the total excretion of sugar for the 
day will be 7000 grs. 

In taking the specific gravity, the ordinary urinometer may 
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be used, but for greater accuracy urinometers have been made 
with very long scales, so that a difference of a quarter of a 
degree of specific gmvity can be readily detected. 

There is one important precaution in employing this method : 
it is necessary to see that the urine to which yeast has been 
added has completely fermented. It sometimes happens that 
the sugar has not all been decomposed, and then, of course, the 
results are unreliable, the figures being too low. Hence, before 
taking the specific gravity, it is well to test the urine specimen 
to which yeast has been added, for sugar. If it should still reduce 
Fehling's solution on boiling, then the sugar has not been com- 
pletely decomposed, and the bottles should be put back for some 
time in order that fermentation may be completed. Before the 
specific gravity is taken, the urine to which yeast has been added 
should he quite free from sugar when tested with Fehlin/fs solution. 

Should it be desired to record the percentage of sugar in the 
urine, it is only necessary to multiply the difference in the 
specific gravity of the fermented and unfermented urines {i,c, the 
number of grains of sugar per ounce) by 0*23. Thus, if the 
difference of the specific gravity of the two be 35, then the 
percentage of sugar will be 35 x 0*23 = 8*05. 

2. Estimation by Fehling's solution. — One volume of diabetic 
urine is well mixed with nine volumes of water. A burette 
graduated in cubic centimetres is filled with the diluted urine. 
Ten c.c. of Fehling's solution are placed in a flask or white 
porcelain capsule and diluted with about twice their volume of 
water. Now the Fehling's solution is of such a strength that 
all the copper which is contained in 10 c.c. is reduced by 
0*05 grms. of glucose (see p. 9 for composition of Fehling's 
solution). In estimating the amount of sugar by this method, it 
is simply necessary to find the quantity of urine which is needed 
to reduce completely this 10 c.c. of Fehling's solution. Such a 
quantity of urine must contain 5 lirnis. of sugar. 

In performing the test, the diluted Fehling's solution is 
mised to the boiling point, and then a little of the diluted 
diabetic urine is allowed to drop in from the burette. The 
Fehling's solution is again raised to the boiling point, when oxide 
of copper is precipitated ; it is then allowed to stand for a few 
seconds. If the blue colour still remains, more of the dilute 
urine should be added, and the mixture again boiled. This 
proceeding is repeated, time after time, until at length the blue 
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colour entirely disappears ; and after standing, when the oxide of 
copper falls to the bottom, the fluid is colourless. Then we 
know that all the copper has been reduced in the 10 c.c. of 
Fehling's solution. From the strength of this solution (as above 
stated) we know that 0*05 grms. of sugar are required to reduce 
the 10 c.c. This quantity of sugar is contained, therefore, in 
the amount of diluted urine added. Thus, for example, if the 
amount of urine required to reduce the Fehling's solution be 
15 c.c, we know that 15 c.c. of the diluted urine contains 0*05 
grm. of sugar. But this 1 5 c.c. contains one-tenth of its volume 
of urine, ie. 1*5 c.c. Therefore 1*5 c.c must contain 0*05 grm. 
The following proportion gives the percentage of sugar : — 

1-5 : 100 : : 005 
lOOx-05 

= 3*3 per cent, of sugar. 

1-5 

In some cases, when the urine contains only a small quantity 
of sugar, it is difficult to estimate it exactly by Fehling's solu- 
tion, since the copper oxide remains suspended in the fluid, and 
it is impossible to say when the blue colour has disappeared. But 
in such cases I have found Pavy's method to be satisfactory. 

3. Pavys method (^^) is of great service in estimating the 
quantity of sugar in the urine. He employs a solution of copper 
sulphate containing ammonia, in place of Fehling's solution. 
When the copper sulphate is reduced to cuprous oxide by 
glucose, no precipitation occurs, since the ammonia in the 
solution dissolves the oxide formed ; but the solution loses its 
blue colour. In making an analysis, the fluid containing the 
glucose is simply dropped into the boiling test solution until its 
blue colour completely disappears. Hence the troublesome wait- 
ing until the oxide of copper subsides, in order to ascertain 
whether the blue colour of the solution has disappeared, is no 
longer necessary when Pavy's solution is used. 

Com}X)8ition of Pavi/s Ammoniated Cupric Test Solution, 

Metrical System. 

Cupric sulphate . . . . . . 4*158 grms. 

Potassic sodic tartrate (Rochelle salt) . . 20 400 

Potash (caustic) 20*400 

Strong ammonia (specific gravity, 0*880) . 300 c.c. 

Water, 1 litre. 
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English Sijstem. 

Cupric sulphate ..... 
Potassic 8odic tartrate (Rochelle salt) 

Potash (caustic) 

Strong ammonia (specific gravity, 0*880) . 

Water, to 1 pint. 



36^ grs. 



>) 



178 
178 „ 
6 fluid oz. 



" Dissolve the potassic sodic tartrate and potash together in 
a portion of the water, and the cupric sulphate 
with the aid of heat in another portion ; pour 
the solution of cupric sulphate into the mixture 
of potassic sodic tartrate and potash ; when cold, 
add the ammonia ; and finally, with water, bring 
the volume of the liquid to the bulk specified." 

Pavy's solution does not deteriorate on keeping, 
if preserved in a properly stoppered bottle. 

Ten C.C. of the solution are decolorised by 
0*005 grm. of glucose. In applying the test the 
urine is diluted with water; if only slightly 
saccharine 1 in 10, if strongly saccharine 1 in 20 
or 1 in 40. The diluted urine is then placed 
into a burette tube. 

The 1 C.C. of the test liquid are now measured 
out and placed in a flask, such as that represented 
in Fig. 5 ; the stopper being perforated by two 
pieces of glass tubing. Then 20 c.c. of water are 
added, and by the water thus used the c.c. measure 
is rinsed out. The flask is now connected with 
the burette by a piece of tubing, and heat from 
a spirit lamp or gas burner applied underneath, y^^ 5.— Apparatus 
When its contents have well commenced to boil, for qimntuativo 
the urine is allowed to escape by drops at the «8ti™a^i«» <^/ 

r ^ i- sugar, by Pavy s 

rate of about 60 to 100 per minute into the metho<i. 
Fehling's solution, until the contents of the flask 
are brought to the colourless state of w^ater. Towards the end, the 
dropping has to be conducted more slowly than at first, so as to 
avoid going beyond the exact point required. The level of the 
diluted urine in the burette having been read off before starting, 
a second reading at the termination gives the amount which has 
been required to decolorise the 10 c.c. of the test fluid, and 
which therefore contains 0*005 grms. of glucose. 
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If, in performing the analysis, the contents of the burette are 
dropped in too slowly, and the boiling becomes too prolonged, the 
suboxide falls, in consequence of the dissipation of ammonia 
before the operation is completed. Should this event occur, a 
fresh analysis must be performed, and the contents of the burette 
dropped in a little more quickly. 

The chief precautions are not to drop in the urine from the 
burette so rapidly as to run the risk of passing beyond the point 
required for decoloration, and at the same time not to drop it in 
so slowly as to lead to a deposition of suboxide, owing to the 
expulsion of the ammonia. 

With everything conveniently at hand, a few minutes only 
are required for the performance of the analysis from beginning 
to end. 

Air ought to be excluded from the flask as much as possible 
during the analysis, since Pavy's fluid, after becoming decolorised, 
soon absorbs oxygen and turns blue again. 

From the amount of diluted urine required to decolorise the 
10 c.c. of Pavy's solution, the percentage of sugar is easily 
calculated. Supposing 5 c.c. of diluted urine be required to 
decolorise the 1 c.c. of Pavy's solution, then we know (from the 
strength of tlie Pavy's solution) that this quantity of urine must 
have contained 0*005 grm. of sugar. If the urine has been 
diluted in the proportion of 1 to 10, the 5 c.c. of the diluted urine 
corresponds to 0*5 c.c. of the undiluted urine. Therefore this 
quantity must contain 0*005 grm. of sugar, and the percentage 
of sugar can be easily calculated. 

0*5 : 100 : : 0*005 

100 X 005 

= 1 per cent, of sugar. 

0*5 

4. GerranVs cyanocupric method. — This method, published by 
A. W. Gerrard (^^) in 1892, has been since improved, and by 
some chemists is considered superior to the two methods just 
described. The following account is taken from the description of 
Allen (^% by whom it has been slightly modified and largely used. 

When a solution of potassium cyanide and a cupric salt are 
mixed together, a double cyanide of potassium and copper is 
formed. 

CUSO4 + 4KCN = Cu(CN2)2KCN + KgSO^ 
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The double cyanide is colourless or faintly yellow. If 
Fehling's solution be used instead of sulphate of copper, the 
colourless double cyanide is also formed, and oxide of copper 
is not thrown down when this mixed solution is boiled with 
grape sugar. If an excess of Fehliug's solution be present, then 
this extra quantity will be reduced by boiling with glucose, but 
the oxide of copper formed will be dissolved. When the 
Fehling's solution has been completely reduced, the blue colour 
will disappear. The method, therefore, resembles that of Pavy. 
The copper oxide is not precipitated, and the end of the re- 
action is indicated by the disappearance of the blue colour. 
But it has the advantage that no ammonia is given off; also 
reoxidation of the reduced solution proceeds so slowly that, if 
the test be performed fairly quickly, it is not necessary to 
prevent the ingress of air, and a porcelain capsule may be 
employed. 

Ten C.C. of Fehling's solution are placed in a porcelain dish 
with 40 C.C. of water, and the mixture boiled. A 5 per cent, 
solution of potassium cyanide is added gradually until the blue 
colour of the liquid just disappears, or only a slight tinge of 
blue remains. Excess of cyanide must be carefully avoided. 
Another 10 c.c. of Fehling's solution are now added, and the 
mixture then becomes blue. The urine is rapidly dropped in 
from a burette, until the blue colour disappears, the mixture 
being kept in ebullition and constantly stirred. When this 
occurs, we know, from the strength of the test solution, that 
the quantity of urine added must have contained 05 grm. of 
grape sugar. 

5. Ficric acid method, — Sir G. Johnson (^®) recommended the 
picric acid test (p. 15) as a means of estimating the quantity 
of sugar in the urine, since the depth of the colour produced 
by the reaction is proportionate to the amount of sugar present. 
A standard solution is prepared, which has the same dark red 
colour as that produced by boiling picric acid and potash with 
urine which contains a grain of glucose to the ounce, " four 
times diluted by the reagents and water in the boiling tube.*' 
As all saccharine solutions containing not less than a grain of 
sugar to the ounce are similarly diluted in the process of 
analysis, the standard represents one of a grain to the ounce. 

The standard solution consists of liquor ferri perchloridi 
fort., sp. gr. 1*42, 1 drm. ; glacial acetic acid, sp. gr. 1*058, 
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4 drras. ; liquor arnmoiiiae, sp. gr. 0*959, 100 minims; distilled 
water to 4 oz. 

The suspected urine, liquor potassae, and saturation solution 
of picric acid are boiled together ; then the mixture is diluted 
witli water and placed in a graduated glass vessel, and the 
colour compiired with that of the standard solution. From the 
amount of dilution which is necessary before the tints are the 
same, the quantity of sugar present is estimated. 

6. Polarimetric method, — Grape sugar possesses the power of 
rotating the plane of polarised light to the right, and this fact 
forms the basis of a method for the quantitative estimation of 
sugar in diabetic urine. 

Various forms of apparatus — the polarimeters or sacchari- 
meters of Lippich, Soleil, and others — have been constructed 
for this purpose ; but the instruments are expensive, and the 
method is open to fallacy, though it is said to give good, if 
not quite accurate, results when the amount of sugar is not 
too small. But when only a small quantity of sugar is present, 
the results are said to be unreliable. 

In severe cases of diabetes, ^-oxybutyric acid is often present 
in the urine. Occasionally, though very rarely, loevulose is 
present in addition to glucose. Both of these bodies rotate the 
plane of polarisation to the left, and therefore, if present in the 
urine examined, the results of the polarimetric estimation of 
glucose would be too small. 

The method is rarely employed clinically, since others are 
more reliable. Hence it is not necessary to devote further 
space to the description of the apparatus and to the manner 
of employing it. For such a description the reader may consult 
works on physics. 

IV. TUE PUESENCE OF A TrACE OF SUGAIi IN 

Normal Urine. 

It is undisputed that normal urine gives no reaction with 
Fehling's solution and the ordinary chemical tests for sugars, 
when applied in the usual way. But it was stated by Briicke, 
long ago, that a trace of sugar is present in normal urine, and 
this view has been supported by Bence Jones, Kiihne, and by 
numerous physiologists and physicians more recently ; whilst 
others still hold that normal urine is free from anv trace of 
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sugar. Not long ago, the question whether a trace of sugar 
is or is not present in normal urine, was the subject of con- 
siderable correspondence in the Lancet (July— December 1894, 
and January, February, March 1895). 

Pavy (*^), who investigated the subject carefully many years 
since, supports the statement of Briicke, and still considers his 
methods satisfactory. Briicke devised a process for removing 
the supposed trace of sugar from normal urine by precipitating 
it with oxide of lead (for details see Pavy's recent work*^). 
Pavy, by using large quantities of normal urine (100 litres), has 
satisfied himself of the truth of Briicke's statement. The 
product which he obtained gave the ordinary reactions for sugar 
with liquor potassae, nitrate of bismuth, and Fehling's solution. 
At first no reaction was obtained with the fermentation test; 
the product was strongly acid, however, and on neutralising it 
with sodium carbonate, and then applying the fermentation test, 
a distinct reaction was obtained. Further, this product, obtained 
from normal urine by special treatment, gave a reaction with 
the phenylhydrazin test. 

Pavy states that the amount of sugar in normal urine is 
0-5 parts per 1000. 

Benzoyl chloride precipitates carbohydrates from the urine, 
and this forms an exceedingly delicate test. Wedenski (*2), by 
shaking up large quantities of normal urine with benzoyl 
chloride, has obtained a white granular precipitate like that 
yielded by glucose. By a special process applied to a large 
quantity of normal urine, Moritz (*^) has obtained yellow needle- 
shaped crystals by the phenylliydrazin test. These crystals are 
not due to glycuronic acid, since their melting point is 204° to 
205° C. — the same as that of phenylglucosazone. Hence he 
concludes that a trace of sugar is present in normal urine. 

Indications of traces of sugar have been obtained only when 
large quantities of urine have been examined and the supposed 
sugar isolated. Certainly Pavy's estimate, 0*5 per 1000, appears 
remarkably high. By the phenylhydrazin test, performed accord- 
ing to the simplified method, 0*015 percent, of sugar can be easily 
detected in saccharine urine greatly diluted with water. But 
the test applied in the same manner to normal urine gives no 
reaction. One would expect it to do so, if normal urine con- 
tained the amount of sugar stated by Pavy (-05 per cent.). 

G. Stillingfleet Johnson and Sir G. Johnson (**) deny that 
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normal urine contains a trace of sugar. They state that after 
the urine has been treated with mercuric chloride, or a mixture 
of sodium acetate and mercuric chloride (according to the method 
proposed by G. Stillinglieet Johnson), and the creatinine thereby 
separated, it fails to give any reaction for sugar. 

Seegen (**) points out that his very sensitive test — Fehling s 
test after filtration through animal charcoal — fails to give any 
reaction with normal urine ; hence he concludes that normal 
urine cannot contain any qujintity of sugar above 001 per cent. 

It is sufficient for clinical work to know that the ordinary 
tests for sugar, performed in the usual manner, fail to indicate 
the presence of sugar in normal urine. Whether a minute trace 
of sugar be present or absent is a question of interest to the 
physiologist, but is not one of any great importance to the 
clinician, and at present opinions are divided. A full discussion 
of the subject is given in the works of Seegen, Allen (**), and 
Pavy. 
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CHAPTEK III. 

PHYSIOLOGICAL CONSIDERATIONS. 

In health the blood contains a small and fairly constant quan- 
tity of grape sugar ; but the exact source, the destiny of this 
sugar, the nature of the glycogenic function of the liver, and 
many physiological problems connected therewith, have been the 
subject of endless discussion during the last fifty years. And 
since there is still such a great divergence of opinion on these 
physiological questions, it will only be possible, in a work 
devoted to the clinical and practical side of diabetes mellitus, to 
very briefly refer to some of the more important facts and 
theories bearing on the physiology of sugar formation. 

1. The carbohydrates derived from food articles are carried 
from the alimentary canal by means of the portal vein to the 
liver. These carbohydrates vary in quantity and nature. They 
consist of glucose, laevulose, saccharose, lactose, maltose, and 
traces of dextrin. Naturally the amount of carbohydrates in 
the portal vein varies much at different times, and with different 
articles of food. 

2. The liver of man and the lower animals contains a 
carbohydrate substance allied to starch, which has been named 
glycogen by its discoverer, C. Bernard (^). If the liver of one of 
the lower animals be removed immediately after death, rapidly 
cut into small pieces, thrown into boiling water and broken up, 
a decoction can be obtained, which, after filtration, is opales- 
cent, and contains glycogen. An iodine solution gives a brownish- 
red or port-wine colour with this decoction, owing to the presence 
of glycogen. When tested with Fehling s solution, the decoction 
is found to contain only a small amount of sugar. The glycogen 
can be precipitated by alcohol, and after washing and purifica- 
tion a white powder is obtained, which gives a port-wine colora- 
tion with iodine, but no reaction with Fehling's solution or other 
sugar tests. 
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Sugar is produced by the action of saliva, or some other 
amylolytic ferment, on the separated glycogen, or on the decoc- 
tion obtained from the liver. The opalescent solution becomes 
clear, and the chemical reactions for sugar are obtained. 

Glycogen is allied to istarch ; it is often termed animal 
starch, and its chemical formula is CdHioOj, or some multiple 
thereof. 

If the liver be allowed to remain in the body for several 
hours after death, especially if the body be kept in a warm 
place, a decoction of this organ will be no longer opalescent. It 
will be clear, and there will be little or no port-wine coloration 
with iodine; but the solution will contain a very considerable 
amount of sugar. After death the glycogen in the liver rapidly 
diminishes, and the sugar increases. It is generally believed 
that glycogen is gradually converted into sugar, post mortenj, 
though this view is not held by some observers. The trans- 
formation ia arrested by a high temperature (100° C), and is 
supposed to be due either to the action of the liver cells, or to 
some ferment not yet isolated. 

The amount of glycogen in the liver is very variable (^). It 
depends on the quantity and nature of food previously taken, 
and it disappears during starvation. If an animal be starved so 
that all the glycogen may be assumed to be absent from the 
liver, and then a diet rich in carbohydrates be given, a large 
amount of glycogen is found iu this organ. Starch and various 
kinds of sugar, therefore, cause an accumulation of hepatic 
glycogen — sometimes a very rapid accumulation. 

A nitrogenous diet also causes an accumulation of glycogen 
in the liver, but to a much less extent than is caused by a carbo- 
hydrate diet. Flesh meat contains a certain amount of carbo- 
hydrate in some form ; and if animals are fed on proteid such as 
fibrin, casein, or albumin in place of meat, the amount of glycogen 
in the liver becomes still smaller, though it, is stated to be more 
than during starvation. 

Gelatin leads to the fornifition of some glycogen in the liver, 
but nitrogenous food and gelatin are far leas powerful than 
carbohydrates in producing hepatic glycogen. Fats do not give 
rise to the formation of glycogen, and an animal fed on fat alone 
has no more glycogen in its liver than a starving animal. 

Thus the amount of glycogen in the liver depends largely on 
the food. It is least when the animal is fed on fatty food ; it 
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is greater when the diet consists of fleshy food ; it is much 
more abundant when the diet consists chiefly of starch ; but it 
is greatest when the diet consists of carbohydrates which can 
be rapidly absorbed, such as sugar and dextrin (Seegen,^). 

Probably glycogen is derived from sugar absorbed from the 
intestines. When sugar is injected into the jugular vein, 
glycosuria may be produced, but a v^ry considerable quantity 
may be injected into the portal vein without any glycosuria 
occurring. Apparently the liver fixes the sugar, and converts 
it into glycogen. As already mentioned, glycogen is also formed 
from proteids. 

The liver appears to act as a storehouse for the excess of 
glycogen; a considerable amount is stored also in the muscles. 
Next to the liver, the muscles form the second great storehouse 
for glycogen. The amount of muscle glycogen is said to be 
influenced by food ; by feeding animals on rice and cane sugar, 
it is greater than when the diet consists of fat and fibrin. 
During starvation the muscle glycogen disappears. Glycogen is 
a normal constituent of muscle, though it is not invariably 
]iresent, and the amount varies in ditt'erent animals and in 
diflerent muscles. The muscles of the embryo contain a large 
amount. When the nerve to a muscle is divided, tljc glycogen is 
increased; rigor mortis causes it to diminish or to disappear 
entirely; appai*ently the muscle glycogen is then converted into 
dextrose. 

Glycogen cannot be regarded as a necessary part of ordinary 
muscle substance, since muscles free from glycogen may l)e able 
to carry on long-continued contractions. 

As Michael Foster i^) puts it, the glycogen in the muscles of 
the embryo and of the adult is probul)ly a local branch of the 
great carbohydrate bank ; it appears to be a store of carbo- 
hydrate material, like vegetable starch, packed away so that it 
*can be drawn upon when required. 

3. What becomes of the glycogen in the liver, and what are 
the functions of the liver with reference to sugar formation, are 
vexed questions. There are two chief views on the subject : — 
(a) According to one view, which was first put forward by 
Claude Bernard (^), the glycogen in the liver is gradually trans- 
formed into sugar, which is paid out into the blood, and conveyed 
through the hepatic vein to the right side of the heart, and then 
to the lungs, wliere it is burnt up. Afterwards Bernard modi- 
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fied this view, and concluded that sugar is distributed to the 
tisBuea of the body, and burnt up in the capillaries thereof. The 
liver is therefore a storehouee of reserve glycogen, which is 
paid, !ia required, into the hepatic vein, and thns the amount 
of sugar in the blood is kept within a certain normal liniit. 
(fi) I'avy and many other experimenters believe, however, that 
the iiver is a sugar absorbing organ, and tliat instead of throw- 
ing sugar into the system, it prevents sugar passing into the 
general circulation. 

In the first place, it is important to remember that whether 
the liver is a sugar producing or sugar destroying organ, all 
observers agree that normal blood dots contain a very small, 
though fairly constant, quantity of glucose. According to Ber- 
nard, the amount of sugar in normal blood is 1 to ?> parts per 
1000 ; according to Pavy, 0'6 to I'O or a little over l^O, per 
lOOU (in animals); according to Seegen, O'l to 0'2 per cent. 
in man. 

It is stated that in animals kept without food, and made to 
perform muscular work, only traces of glycogen are found in the 
liver and muscles, yet the arterial blood still contains the usual 
quantity of sugar. 

Many years ago, Claude Bernard discovered that the liver of 
animals fed entirely on flesh meat contained sugar, when examined 
soon after death. In animals fed on flesh diet, he also found 
that the blood of the portal vein was free from sugar, but that of 
the hepatic vein was rich in sugar. Lehmann has since obtained 
similar results. 

Bernard afterwards discovered the substance in the liver 
which he named glycogen. He found that the blood of the 
heiNitic vein and right side of the heart was comparatively rich 
in sugar, whilst arterial bloocl only contained a trace of sugar. 
He also found that there was a difference between arterial and 
venous blood; that arterial blood contained 0"3 parts per 1000 
more sugar than venous blood. Bernard therefore concluded 
that sugar is formed in the liver from glycogen, and transmitted 
to the general circulation to be burnt up in the tissues. 

These statements have been disputed by some observers. 
Pavy (*), by passing a catheter into the right side of the heart, 
obtained blood from the living animal. He states that blood 
obtained in this way contains only traces of sugar, whilst in the 
dead animal the blood of the rijjht side of the heart is rich 
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in sugar; and that blood obtained during life from the right 
ventricle contains only 0*4 to 0*7 parts i^er 1000 of sugar, Le. 
not more than the amount in the carotid blood ; whilst blood 
from the right ventricle after death contains 5 to 9*4 parts per 
1000. Hence, in the latter case, Pavy regards the excess of 
sugar in the blood obtained from the right side of the heart 
simply as the result of a post-mortem change. Bitter has 
obtained similar results. 

M'Donnell (^), by means of a catheter, removed blood during 
life from the right side of the heart in twelve dogs, which had 
been fed for some weeks exclusively on meat diet. In seven of 
these he could not detect any sugar ; in five, traces were present. 

In order to determine whether sugar was present in the 
liver, Pavy removed pieces of this organ from animals ininiediiitely 
after they were killed. The pieces of liver were placed at once 
in a freezing mixture, broken up into fragments, and the pulp 
thrown into boiling water. A filtered decoction gave either no 
reaction or only a minimal reaction for sugar. 

Bitter removed pieces of the liver from animals during life ; 
the liver fragments were thrown into boiling water, but no 
reaction for sugar was obtained. Pieces of the liver removed 
^ few minutes after death and treated in the same manner were 
found to contain sugar. 

M'Donnell (•'') obtained similar results. A portion of the 
liver removed immediately after death gave scarcely any indi- 
cation of the presence of sugar, but a similar ])ortion removed 
twenty minutes after death was found to contain 12*5 grs. of 
glucose. 

M'Donnell (^) also made more conclusive experiments on the 
hedgehog. The animal was surrounded by ice until it became 
torpid. The application of cold was continued until tlie animal 
was frozen into a solid mass. When the liver was removed, it 
did not give the sliglitest reaction for sugar. The liver of a 
frog frozen slowly was found to contain no sugar ; but if a frog 
was frozen rapidly, the animal struggled considerably, and the 
liver was found to contain a small amount of sugar. 

Bernard in his last work stated that pieces of liver taken 
from the body during life and thrown into boiling water con- 
tained 0*23 to 0*24 per cent, of sugar. Pavy has criticised 
Bernard's results, and believes that too little water was used in 
the method employed for the estimation of sugar. 
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^H As already mentioned, Claude Bernard nt first euggeeted that 

^H the sugar in the blood was destroyed in tlie lungs. Afterwards 

^H he modified this view, and Gimo to the conclusion thnt blood 

^H Bugar was destroyed in the capillaries of the general circulation. 

^H From eleven observalione, I'avy found, however, that the average 

^^k amount of sugar in arterial blooil was 0'941 parts per 1000, 

^H in venous blood 0*93S. But he tliinks the excess in arterial 

^H blood is too slight for the difference to be reliable. 

^H According to Pavy, the liver prevents the sugar absorbed by 

^^1 the portal circulation reaching the system. [A minute quantity 

^^1 does reach the general circulation, however, since the blood of 

^H the systemic circulation contains a very small quantity of sugar] 

^H According to Pavy and many authorities, normal urine also 

^H contains a very minute trace of sugar. Pavy holds that if sugar 

^H were continually formed by the liver and passed into the general 

^B circulation, as Bernard asserted, it would be eliminated by the 

^^1 kidneys, and the urine of every person would contain sugar in 

^^1 quantity. He believes that the sugar in the blood and in the 

^V urine run parallel, and that any excess of eugiir in the blood is 

^H eliminated in the urine. 

^1 Biedl and Kraus (*), however, have recently made intra- 

^^ venous injections of 200 to 300 grms. of grape sugar in four 

^H persons ; by this proceeding they estimated that the percentage 

^H of sugar in the blood was raised to more than three times the 

^K normal amount, yet no glycosuria or polyuria followed. 

F, Voit (') has recorded a number of interesting facts with 
reference to sugar destruction in the system. He points out 
that grape sugar, which ferments easily, must be taken in large 

L quantities before it appears in the urine in a healthy person, 
whilst sorbose, which does not ferment, is excreted in the urine 
after small doses. Cremer has shown that the sugars which 
ferment most easily pass into the urine with greatest difficulty 
in health, whilst those which do not ferment apjiear in the 
urine most readily. The sugars which do not ferment do not 
form glycogen, they pass into the blood in gre.tt quantity, and 
are, in part at least, excreted in the urine. 
By the subcutaneous injection of sugar the changes produced 
in the alimentary canal are avoided. Voit has made sub- 
cutaneous injections in man, and introduced solutions of various 
kinds of sugar under the skin, If the solutions used were not 
too concentrated, and if the instruments were airefully sterilised, 
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no bad effects followed. Ten per cent, solutions of sugar were 
employed. 

Of the monoeaccharides, experiments were made with dextrose, 
kevnlose, and galactose. These three substances did not appear 
in the urine, or only appeared in very small quantities after 
subcutaneous injection. They were therefore rapidly destroyed 
in the organisnu 
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Dextrose and kevulose are therefore good glycogen-builders. 
With galactose there is a greater excretion (in proportion to 
amount injected). 

Of the disaccharides — saccharose, lactose, and maltose were 
tried. 
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After the subcutaneous injection of Ctane and milk sugar, the 
whole of these substances was found again in the urine, but 
when given by mouth large quantities of cane sugar must be 
taken before glycx)suria occurs. In the intestine cane sugar 
is inverted and dextrose and hevulose are formed, but by 
subcutaneous injection this change is prevented. The cells of 
the organism have thus no power of decomposing cane sugar 
circulating in the blood, and the liver cannot form glycogen 
from it 

Lactose is excreted by the urine after subcutaneous in- 
jection; but when given by mouth it only appears in the 
urine after considerable quantities have been administered. 



S8 



PHYSIOLOGICAL CONSIDERATIONS. 



When given by the mouth, milk sugar is inverted in thu intestines, 
but the cells of the organiBiii are not able to decompose it when 
injected snbcutaneonaly. This explains why lactosnria occurs 
in the puerperal state (see p. 88). Milk sugar passes directly 
into the circulation from the mammary gland, and is therefore 
just in the same condition as when injected subcutaneously. 
The inverting action of the alimentary canal is avoided, hence 
lactose appears ia the urine. 

Maltose does not appear in the urine when injected sub- 
cutaneously; it is apparently taken up by the cells of the 
organism, and also forms glycogen in the liver. By the action 
of certain ferments, maltose can be formed from glycogen, also 
blood serum has the power of destroying maltose. 

4, Seegen (^) of Vienna has repeated many of the experi- 
ments of Pavy and Bernard, and has obtained results somewhat 
different. From his observations he concludes that sugar forma- 
tion is a normal function of the liver. He found that portions 
of the liver (escised and thrown into boiling water) contained 
O'i to O'o per cent, of sugar. He also found that the blood of 
the hepatic vein contained 60 to 100 per cent more sugar than 
that of the portal vein. Whatever the nature of the food, and 
even during starvation, the blood from the hepatic vein always 
contained much more sugar than that of the portal vein, 

Recently Mosso (") has made observations on the latter 
point; he concludes that the hepatic vein does contain more 
sugar than the portal vein, but that the difference is very much 
less than that stated by Seegen. 

Seegen thinks that as much as 100 grms. of sugar may be 
passed into the circulation from the liver in the twenty-four hours, 
and he points out that by excision of the liver the amount of 
sugar in the blood is diminished. 

Minkowski has shown that when the liver ia excised in 
lis, the sugar iu the blood disappears after some hours. 

By ligaturing the vasculor connections of the liver, and thus 
excluding it from the circuiation, Bock and Hoffmann found 
that sugar disappeared from the blood. Seegen observed a great 
diminution of the sugar in the blood in three similar experimenta. 

Tangl and V. Harley (^'') have shown that by diminishing 
the blood supply to the liver in animals, by ligaturing the three 
intestinal arteries, the amount of sugar in blood taken from the 
carotid artery was diminished. 
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Kaufmann (^^) also found that the blood sugar was diminished 
by ligaturing the vessels of the liver. 

Se^en believes that albumin and fat are the materials from 
which the liver forms sugar, and bases his conclusions on a 
number of experiments and observations. 

5. Pavy, in the Croonian lecture of 1894 (}% points out 
that the multiplication of the yeast plant in Pasteur's fluid — 
ammonium tartrate, 1 part; cane sugar, 10 parts; ash of yeasc, 
1 part; water, 100 parts — clearly demonstrates that sugar is 
used in the construction of proteid material. According to 
Pavy, a carbohydrate may also be prepared from egg albumin, 
by a cleavage of proteid material. Pavy believes that proteid 
matter has a glucoside constitution, and that proof has been 
afforded that carbohydrates can be incorporated to form proteids, 
and that it is also possible to dissociate the carbohydrate again. 

From his experiments he concluded that — 

(1) Not only can carbohydrate material be hydratcd by 
feiment and chemical action, but when iu these conditions of 
increased hydration, they can be transmuted by dehydration, 
under the influence of protoplasmic action, to substances having 
more complex molecules, i,e, amyloses. (2) In both the vegetable 
and animal kingdom, carbohydrates take part in the synthesis 
of proteids. (3) Carbohydrates are transformed into fat under 
the influence of protoplasmic action. 

Recently Q^) a nucleo-albumin has been separated from 
various organs — the pancreas, liver, thymus, muscles, thyroid, 
and spleen. This nucleo-albumin has been shown to be of a 
glucoside nature, and by special treatment a carbohydrate has 
been separated from it, which has been proved to be a sugar — 
pentose (Blumenthal). 

6. Pavy, in his Croonian lecture of 1894, has restated his old 
views respecting sugar formation, and has put forth a new theory 
with reference to sugar destruction. 

Briefly stated, the following are his conclusions : — 

(1) The liver at death is not more saccharine than other 

organs of the body ; (2) the blood flowing from the liver is not 

more saccharine than that flowing to it, but the contrary ; 

(3) there is no evidence of destruction of sugar in the systemic 

capillaries. 

After a meal of fat, the cells of the villi of the intestines 

become charged with fat globules, which pass into the lacteals. 
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A similar condition is met with after cjirbohydrate food. Oats 
contain only 5 per cent, ot fat, yet after a meal of oate the 
lacteals in the rabbit were a.B fully distended with milky chyle as 
in the dog after a meal of fiit. Hence Pavy believes that the 
carbohydrates of food are converted into fat by the protophism 
of the eetls ot the intestinal villi 

He thinks that glycogen is formed in the liver from the 
carbobydnites of the food which have escaped syuthesia by the 
cells of the intestinal villi Thei*e art thus two Imcs of defence, 
the intestinal villi and the liver. Even in health both lines of 
defence may be passed, and then the urine contains sugar; this 
happens if too much carbohydrate food is taken. 

Pavy has shown that from the liver, when treated with 
alcohol, dried, and powdered (in a special manner, which he 
describes), a substance can be produced which may be kept 
indefinitely in a bottle. When this powder is treated with water, 
and placed in an incubator for two or three hours, an active 
production of sugar takes place. He holds, therefore, that sugar 
formation is not due to vital action, but to the presence of a 
ferment. 

Thti latter statement and many of Favy's results have been 
criticised by Noiil Paton ('"*). He points out that in rats a diet 
of fat causes the epithelium cells of the intestinal villi to be 
loaded with fat particles, but on a diet of starch or sugar the cells 
are free from fat globules. 

Noul Paton concludes that "the early changes in the excised 
liver are siuiply a continuation of the vital processes ot the 
organ — the katabolic side of metabolism being exnggtrated, the 
anabolic side in abeyance," In his last article he records the 
results of a number of experiments, from which he comes to the 
conclusion that " the whole weight of evidence seems to be 
against the view that an active amylolytic zymen develops in 
the liver immediately after death, while no material argument 
has been adduced in opposition to the view that the conversion 
of glyct^en to glucose is simply due to kalabolic changes in the 
liver substance." 

Pavy ('*) has replied to the criticism of Paton, but even an 
oatline of the discussion would occupy too much sjiaco here, and 
the reader is referred to the original articles. 

It has only been posaiblo to refer tfj some of the chief 
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view8 with respect to sugar formation and the hepatic functions 
in the above summary. 

The two apparently opposite views with regard to the liver 
functions are not, perhaps, so irreconcilable as appears at first 
sight Most observers admit that the liver acts to some extent 
as a sugar absorbing or sugar converting organ, transforming 
carbohydrates obtained from the portal circulation into glycogen. 
Whether the liver be a sugar forming or sugar absorbing 
organ, it is allowed by all that a small percentage of sugar 
M present in the blood. If the function of the liver and 
the intestinal villi be to prevent sugar entering the general 
circulation, there can be no doubt that this action is not com- 
plete, and that sugar doe^ find its way into the general circulation. 

Those who hold Bernard's view would say that this small 
percentage of sugar is paid into the circulation by the liver. 
Those who hold Pavy's view will probably admit that a small 
quantity of sugar is allowed to leak into the circulation. After 
all, whichever way the action of the liver is described, there is 
no difference of opinion as to the final result, so far as the blood 
is concerned, i.e, a small amount of sugar is present. 

The diminution of sugar in the blood after excision of the 
liver, or after exclusion of that organ from the circulation, 
appears certainly to be in favour of the view that the liver is a 
sugar forming organ. Then again, if the liver be an organ which 
absorbs sugar, and which prevents sugar reaching the circulation, 
how is it that no glycosuria occurs when the liver is seriously 
diseased, and the liver cells destroyed to such a great extent as 
in cases of cancer, acute yellow atrophy, and other serious 
hepatic affections ? 
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CHAPTER IV 

EXPERIMENTAL DIABETES AND GLYCOSURIA. 

We have seen in the previous chapter that the glycogenic 

functions of the liver, sugar formation in the system, and sugar 

destruction, etc., are all still vexed questions. 

The theories which have been put forward to explain diabetes 

mellitus are exceedingly numerous, and the views are even more 
varied than those with reference to the glycogenic functions of 
the liver and sugar formation. 

The riddle has not yet been solved, and probably the day is 
far distant when a satisfactory answer will be given. Ncver- 
theless» many important facts have been ascertained, and 
experiments on animals have furnished much interesting 
information. 

Only the more important results of experimental work can 
be referred to, however, in a book devoted to the clinical side of 
the subject. 

Claude Bernard Q) found, many years ago, that puncture of 
th€ floor of the fourth ventricle in a very limited space produced 
glycosuria in animals. The point of puncture was situated 
between the deep origins of the vagus and auditory nerves, i.e. 
about the region of the vasomotor centre. AVhen this experi- 
ment is performed on a well-fed rabbit, its urine in the course 
of one or two hours becomes increased in quantity, and contains 
a considerable amount of sugar. A little later the quantity of 
sugar reaches its maximum. It then diminishes, and in the 
course of a day or two the urine becomes normal again. The 
better the rabbit is fed, the more glycogen its liver contains, 
and the greater the amount of sugar in the urine. If the 
animal be starved before the i)uncture of the fourth ventricle, so 
that little or no glycogen is present in the liver, then the urine 
will contain little or no sugar. Hence it is assumed by many 
physiologists that, when the fourth ventricle is punctured, the 
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glycogen ill the liver is auddenly converted into sugar, and passed 
into the general circulation — the liver is suddenly " emptied of 
its glycogen." Hyperglyciemia ia the result, and as a conse- 
quence glycosuria occui-s, 

Claude Bernard found that, after puncture of the fourth 
ventricle, diabetes continued, even though the vagi were divided. 
Galvanisation of the peripheral ends of the divided vagi did not 
modify the glyco^enesis, but galvanisation of the central ends 
gave rise to an iacreased formation of sugar. 

The liver is supplied with nerves from the hepatic plexus, 
which accompany the hepatic artery and portal vein, and which 
are distributed to various parts of the organ. This plexus is an 
extension of the great solar plexus. The right (posterior) vagus 
sends the greater part of its fibres to the solar plexus; and the 
splanchnic nerves (major and minor) end in it, ou both sides 
of the body. The left (iintericr) vagus forms only slight connec- 
tions with the solar plexus, but sends off a very distinct branch 
directly to the hepatic plexus. The liver, therefore, has nervous 
connections with the central nervons system by the vagi, and 
is also connected with the splanchnic nerves. 

The nature of the intiuence or impulses started by puncture 
of the floor of the fourth ventricle, and the paths by which they 
reach the liver, are not definitely known. Since the " diabetic 
centre" ia close to, or almost identical with, the vasomotor 
centre in the floor of the fourth ventricle, it is possible that the 
changes in the liver are vasomotor in nature ; but there is no 
direct evidence in support of this view. Section of the splanchnic 
nerves, the channel by which the vaso-constrictor impulses pass 
to the liver, does not produce diabetes. It seems wore probable 
that the nervous events produced in the medulla by puncture of 
the floor of the fourth ventricle are able to bring about changes 
in the hepatic cells. The path by which the nerve impulses 
pass is not well defined. They do not travel by the vagus, for 
puncture is effective after division of both vagi. They probably 
make their way to the liver by the sympathetic system, passing 
into the sympathetic chain in the upper thoracic region. If it 
be true, as stated, that the puncture fails when both splanchnic 
nerves are divided, the impulses probably travel along those 
nerves. 

Pavy (') found that division of the medulla gives rise 
to glycoamia when the circulation is kept up artificially; but 
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Sivision of the spinal cord below the origin of the phre 



6S 



ihrenic nerves 

does not produce glycosuria. Also, when the cord is divided 
high up in the spinal canal, between the second and third 
cervical vertebra; (artificial respiration being maintained), no 

tangor is found in the urine. 
y In operating on the brain, I'avy found that many complica- 
tions arose, but when these were least, there was no sugar in the 
urine after division of the crura cerebri jaat in front of the pons. 
Although no diabetic efl'ect was observed after division 
_of the cord and vagi together, yet after division of everything 
Klonging to the nervous system in the neck, as by decapita- 
., the urine became in a very short time sti-ongly saccliariue 
trtificial respiration being performed). 

Eckhard (^) has shown that mechanical injury of the vermi- 
lorm process of the cerebellum produces glycosuria. 

SchifF (*) has found thut diabetes can be produced by 
injury of the nervous system at various parts. In addition to 
puncture of the floor of tlie fourth ventricle, he found that 
injury to the pons also gave rise to diabetes ; but here the 
puncture of a needle was not suf&cient ; a broad instrument was 
necessary, or the needle had to be moved about in the wound 
right and left. SchiH' also produced diabetes by division of 
the spinal cord at various levels; by division of the cord be- 
fore and behind the origin of the brachial nerves ; in frogs 
and rabbits, by division of the posterior columns. Also after 
complete division of the spinal cord in the rat, at the level 
of Uie last cervical or first two dorsal vertebra:, diabetes was 
produced, if sinking of the bodily temperature was prevented. 
Pavy found that division of the carotid symiMithetic in the 
sck did not give rise to glycosuria. But division of the 
mpatheCic fibres accompanying the vertebral artery produced 
ischarine urine. Ligature of the two vertebrals and two 
rotid arteries did not occasion saccharine urine ; nor did 
tDply tearing through everything traversing the vertebra! 
ftnal on either side of the neck ; but, by combining the two 
lotions, sugar rapidly appeared in the urine. Though 
' division of the cervical sympathetic does not produce any efl'ect, 
yet removal or injury of the superior cervical ganglion may 
cause marked glycosuria in a very short time. 

Pavy states that the diabetes resulting from all these opera- 
ms on the sympathetic is quite of a temporary character. 
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and 13 prevented by the injection of carbonate of soda (200 gis.) 
into the circulatory 8y8t<'.in, previoiis to the experiment. 

Arthaud and Butte (■'') believe that the changes producing 
diabetes occur in the district of distribution of Uie vagus, and 
regard hyperBeeretion ot the liver parenchyma as the most 
probable cause. 

Ill order to produce permanent irritation of the vagus, they 
injected lycopodium powder, or a solution of croton-oil in ether 
and alcohol, into the cervical part of the nerve. By experiments 
on both vagi death occurred too rapidly. Therefore the right 
vagus only was injected. 

In a series of experiments in which the above mentioned 
injections were made either into the uninjured nerve, or, after 
section, into the peripheral end of the same, the following 
changes were noted: — Wasting, polyuria, polydipsia, polyphagia, 
glycosuria (not constant, but sometimcB marked), albuminuiia, 
and anoturia. Neuritis produced in the central end of the 
divided vagus was followed by slight glycosuria and temporary 
azoturia. 

In their further researches the authors produce<l neuritis in 
both vagi by the injection of powders. One vagus was injected 
some weeks after the other. After the injection into one I'agus, 
polyuria and alight albuminuria were observed. After the injec- 
tion into the other vagus, gastric disturbances, thirst, waeting, 
and glycosuria were noted. 

The authors conclude that, through centrifugal vagus irrita- 
tion in animals, the various clinical forms of human diabetes can 
be simulated. 

Pavy discovered that, after ligaturing the portal vein and 
allowing the blood of the hepatic artery only to reacli the liver, 
the contents of the circulatory system became highly charged with 
sugar. No sugar was found in the urine, but this was prob- 
ably owing to the accumulation of blood to such a great extent 
in the portal system that the supply to the kidney was insufB- 
cient to permit the secretion of urine. 

Pavy found that the injection of delibrinated arterial or 
oxygenated blood into the portal system induced marked 
glycosuria, but the injection of defibrinated venous blood did not 
give this result. He also produced glycosuria by causing doge 
to breathe oxygen or carbonic oxide instead of air, but this 
result was not obtained in all cases. Pavy believes that blood 
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containiDg au excess of oxygen or blood containing carbon! 
moaoxide nets upon the amyloid substance of the orgaaism,! 
and leads to its abiionual transformation into sugar. I 

Sehiff asserted, years ago. that Bernard's puncture produced i 
dilatation of the small vessels of tbo intestine and liver — a 1 
paralytic byper<emia of the orgaiia, and he su^ested that in the ] 
hyperKmic state a ferment probably developed which acted upoa J 
the amyloid substance of the liver and gave rise to glycosuria. I 

Pavy believes that, owing to a vasomotor paralysis produced \ 
by a lesion of the nervous system, an imperfectly de-arterialised J 
blood finds its way into the portal vein, and this determines the J 
escape of sugar from the liver. But hypeiiemia of the liver j 
alone is not sufficient to cause glycosuria. Division of all the J 
oervea going to the liver, which might be expected to produce J 
great hyper;L-niia, is not followed by glycosuria. I 

Pavy thinks the above explanation is probably true for ' 
natural diabetes. He believes that diabetes is produced by a 
loss of power in the vasomotor centres, or by a lesion of some 
part of the cerebro-spinal system which leads to an inhibitory , 
influence being exerted upon these centres. j 

In the last Croonian lecture, and in his recent work on the \ 
Physiology of the Carbohydrates, Pavy (") points out that in 
diabetes the two lines of defence — the villi of intestine and the 
liver — are inadequate to accomplish their function of synthesising 
the carbohydrates, and thus carbohydrates reached the general 
circulation in excessive quantity, and appear in the urine as 
sugar. A diabetic person has not the protoplasmic power 
sufficient to dispose of the carbohydrates in his diet by synthesis 
to proteida, by transmutation into fat, and by dehydration into 
glycogen, Pavy believes that this power ia influenced by the 
state of the blood vessels, which again is determined by the con- 
dition of the nervous system. A hyper-oxygenated state of the 
blood favours the pjisaage of carbohydrate matter into glucose, 
and is capable of producing saccharine urine. Dilatation of the 
hepatic arterioles permits the blood to pass too rapidly through 
the capillaries, so that the blood in the veins is not sufKciently 
de-arterialised. Under such circumstances, the passage of carbo- 
hydrates into glucose is favoured. 

Pavy thinks that the whole history of diabetes goes to prove 
that it is frequently due ]irimarily to changes in the nervous 
system. But in many se\'ere cases there is some other abnor- 
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mality ; the most rifjid diet does uot check the glycosuria. Also 
complete absentioii from nil food does not eufiic* altogether to 
prRvent the appearance of sugar iu the urine. The tissues there- 
fore must produce augai', and since they consist mainly of pro- 
teid matter, which has a glucoside constitution, Pavy thinks it 
ia only necessary to suppose the existence of a ferment action to 
explain the pathogenesis. 

Extirpntioii of the caliac jilexiis. — The cceliac plexus has 
been regarded by some writers as the seat of the lesion in 
diabetea This plexus has been extirpated by several observers, 
but the results have varied somewhat. The following are those 
obtained by Lustig and I'eiper. 

After the removal of the cceliac plexus from doga and 
rabbits, Lustig (') observed the following symptoms : — The 
digestive system was not affected ; there was nothing abnormal 
as regards the appetite ; the f-Hies had their usual appearance ; 
a temporary glycosuria occurred frequently ; there was no 
atrophy of the pancreas ; acetonuria was a constant result, and 
it continued until the death of the animal. Other symptoms 
were — increasing emaciation, sinking of the temperature below 
normal, and slowing of respiration ; after a time albumin appeared 
in the urine. Tlie animals died in most cases, some survived; 
but in the rest, after one or more weeks, death by coma occurred. 

Lustig regards the occurrence of acetone in the urine as 
a marked symptom of the extirjiation of the ctpliac plexus. 

Peiper (*) gives the results of experiments on fifteen rabbits. 
Eleven animals survived at least three or four weeks; the. other 
four died partly in consequence of the ether narcosis, partly from 
hitmorrhago and peritonitis. In the animals which survived, 
great emaciation followed the operation, without the occurrence 
of any other marked symptom. Diarrhcea did not occur in any 
case. There were no signs of hypera-mia of the abdominal 
organs at the post-mortera examination. Diabetes insipidus 
was not observed. Glycosuria occurred frequently soon after 
the operation. In one case, in which, however, an extensive 
resection of the splanchnic nerves was undertaken, the sugar 
iu the urine amoanted at various times to 2, 3, and 4 per 
cent. Atrophy of the jiaticreaa did not occur in any case. 
Acetone (as tested by the methods of Lieben and Reynolds) 
was only discovered a few times. Albuminuria was found only 
in two cases. 
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Four rabbits, which had lived two to four months, were killed, 
but no special changes were found at the autopsy. Seven rabbits 
showed symptoms of marked marasmus. 

Thus the experiments of Peiper are opposed to the view that 
diabetes insipidus depends upon a derangement of the cocliac 
plexus. They also are opposed to the view that diarrhcea or 
diabetes mellitus is produced by extirpation of the plexus. 
Acetonuria and albuminuria are not characteristic symptoms 
after extirpation of the plexus. 
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CHAPTER V. 

PHLORIDZIN DIABETES. 

In 1886, V. Mering (^) discovered that the administration of 
phloridzin produced diabetes in dogs. 

Phloridzin (phlorhizine or phloorhizine) is a substance 
met with in the bark of the trunk and root of apple, pear, plum, 
and cherry trees. Its chemical formula is given as C21H24O10 + 
2H2O. It consists of fine silky needles which are very soluble 
in water at 50* C, but dissolve only in 1000 parts of cold 
water. Dilute acids decompose it on boiling into phlorose and 
phloretin. 

C21H24O10 + H2O = C15H14O5 + CflHigOg 

(phloridzin) (phloretin) (phlorose) 

Phlorose is a form of sugar which reduces copper solutions. 
By boiling with caustic potash, phloretin is converted into 
phloretin acid, C9H10O3, and phloroglucin, CqR^X).^. 

Given internally or hypoderniically, phloridzin produces 
glycosuria, but the hypodermic method is the more powerful. 
For hypodermic injection phloridzin may be dissolved in a weak 
solution of sodium carbonate, or suspended in olive-oil ; or it 
may be given in mucilage of gum-arabic. The latter form is 
said to be the best (Coolen ^). 

After the administration of phloridzin, the quantity of urine 
is increased, the specific gravity is raised, and sugar is present. 
The form of sugar is glucose. It reduces Fehling's solution, 
ferments with yeast, and behaves like glucose on examination 
with the polariscope. Phloridzin does not give rise to a per- 
manent diabetes. When the drug is discontinued, the glycosuria 
and other symptoms disappear. If the drug be continued, the 
animal loses weight, and by its prolonged administration death is 
caused. Occasionally, after the drug has been given for a long 
time, acetone and yS-oxybutyric acid have been found in the urine, 
and symptoms like those of diabetic coma have been observed. 
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V. Mering has also produced a temporary diabetes in the 
human subject, in three cases, by the administration of phloridzin. 
The amount of sugar in the urine was considerable. In one 
case 1 grm. of phloridzin was given night and morning for a 
month, and the average daily excretion of sugar was 97 grms. 
The glycosuria disappeared the day after the phloridzin was 
discontinued, and no bad effects or disturbance of the general 
condition were observed. 

The sugar excretion after the administration of phloridzin 
is not dependent on the nature of the food. When dogs were 
fed on an exclusively nitrogenous diet, glycosuria was still 
produced by phloridzin. When large quantities of amylaceous 
food were given, the sugar excretion was not greater than when 
the animal was fed only on nitrogenous food. After starvation 
for eighteen days, when it may be assumed that all the glycogen 
had disappeared from the liver and muscle, phloridzin still pro- 
duced glycosuria ; also glycosuria was produced even after the 
liver had been removed in geese and frogs (v. Meririg). 

According to v. Mering, Minkowski, and others, in phloridzin 
diabetes there is no excess of sugar in the blood, whilst in 
ordinary diabetes in man the blood sugar is generally much 
increased in quantity. Levene (*'*), however, has found the amount 
of sugar in the blood often diminished, but in some cases 
increased. Coolen states that in rabbits rendered diabetic by 
the hypodermic injection of large quantities of phloridzin, he 
has detected an increase of sugar in the blood (i.e. there is a 
hyperglyca^mia, just as occurs in ordinary diabetes in man). 
Pavy (*) has recently criticised the methods of analysis employed 
by v. Mering and Levene. He finds that in cats rendered diabetic 
by phloridzin the amount of sugar in the blood is increased. 
There is, then, a considerable difference of opinion with regard to 
the condition of the blood in this form of diabetes. 

Minkowski (^) has shown that phloridzin diabetes is not 
caused by any special action of the drug on the pancreas. It 
can be produced in those animals in which diabetes does not 
follow pancreas extirpation. Minkowski is of opinion that this 
drug acts on the kidneys in some way, and thereby produces 
diabetes. He found that extirpation of the kidney in animals 
suffering from pancreatic diabetes caused an increase of the 
sugar in the blood, whilst kidney extirpation in animals suffer- 
ing from phloridzin diabetes did not materially affect the amount 
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of sugar in the blood. Also, in the diabetes produced in animals 
by pancreas extirpation, phloridzin increased the amount of 
sugar in the urine ; hence we may assume that phloridzin 
diabetes is not the result of the action of the drug on the 
pancreas. Levene states that the venous blood of the kidney 
contains more sugar in some cases than the arterial blood. 

Of the decomposition products of phloridzin, only phloretin 
produces diabetes ; phlorose, phloretin acid, and phloro-glucin 
have no effect 

V. Mering concludes, from the results of a number of ex- 
periments, that the sugar which is excreted after phloridzin 
administration is formed from the albumin of the body. 

Eosenfeld (®) has shown that, under certain conditions, phlorid- 
zin produces fatty liver as well as glycosuria, and he records 
the results of a number of careful experiments on dogs. The 
dogs were kept without food for five days ; then on the sixth 
and seventh days 10 grms. of phloridzin were given. The 
animals were killed on the eighth day, forty-eight hours after 
the first dose of phloridzin. Pathologically, fatty liver was 
found, and microscopical examination showed that the condition 
was one of fatty infiltration and not fatty degeneration, also 
that the fat was situated chiefly around the central veins of the 
lobules. 
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CHAPTER VL 

EXPERIMENTAL PANCREATIC DIABETES. 

The theory that lesions of the pancreas play some part in the 
causation of diabetes mellitus is by no means a recent one. In 
the year 1788, Thomas Cawley (^) found, on making the post- 
mortem examination in a case of diabetes, that the pancreas 
was full of calculi; its right extremity was very hard, and 
"appeared to be scirrhous." On looking over the literature 
of the subject, it is interesting to note that, since the days 
of Cawley, various physicians have, from time to time, called 
attention to the connection between diabetes and lesions of 
the pancreas. Thus Chopart in 1821, and Eecklinghausen in 
1864, especially drew attention to the pancreatic lesions in 
diabetes; Eokitansky found pathological changes of various 
kinds in the pancreas, in thirteen out of thirty cases of diabetes ; 
also Lancereaux, Baumel, Cantani, and many others, have pointed 
out the importance of these pancreatic lesions. Baumel (-) 
in 1882 went so far as to attribute diabetes to the absence 
of diastatic pancreatic ferment in the alimentary canal, and 
recommended the use of pancreatic preparations in the treatment 
of the disease. Many years ago, Lancereaux especially insisted 
that diabetes with wasting is associated with pathological changes 
in the pancreas. 

But it was not until 1889 that Minkowski, v. Mering, 
and de Dominicis showed, by experiments on animals, that 
pancreatic lesions may give rise to diabetes. 

With respect to the relation of pancreatic lesions to diabetes 
mellitus, both pathological anatomy and experiments on animals 
furnish important evidence. Apart from all theoretical con- 
siderations, there are two facts of great interest : — 

1. Total extirpation of the pancreas gives rise to diabetes 
mellitus in dogs and many other animals. 

2. The records of pathological examination show that thf 
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pancreas ia diseased in a considerable proportion of cases of 
diabetes metlitus iu man. 

In this Bection only the experimental evidence will be 
considered; tbe patliologicnl evidence will be discussed in the 
section devoted to etiology and etiolc^cal relationa 

The older experimenters did not succeed in producing 
diabetes by operations on the pancreas. Claude Bernard ob- 
structed the pancreatic duct by injecting various substances, but 
failed to produce diabetes thereby, Ileidenhain and Finkler 
obtained similar results; Arnozan, Vaillard, and others liga- 
tured the pancreatic duct in rabbits, but did not produce 
diabetes. 

In 1889, however, Minkowski and v, Mering (*) in 
Germany, and de Dominicis in Italy, succeeded in pro- 
ducing permanent diabetes melHtus, resembling that wliich 
occurs in man, by total extirpation of the pancreas in dogs. 
Tlie papers recording these results were published about tlie 
same time, but to the two German experimenlers belongs the 
honour of proving that tcAal extirpation of the pancreas invariably 
produces diabetes; they also showed tliat if a small portion of 
the pancreas be left behind at the time of the operation, diabetes 
will not occur, even though this ^wrtion be separated from the 
duodenum, and the pancreatic duct be ligatured, 

Some experimenters have found sugar in the urine in- the 
majority of cases after extirpation of the pancreas, but not in all 
cases. Thus de Dominicis (*) produced glycosuria in twenty-one 
out of thirty-four cases; Kenzi and Keale (*) in 75 i>er cent. 
of the cases. De Dominicis found that the other symptoms, 
such as polyphagia, polydipsia, polyuria, emaciation, falling off 
of the hair, etc., invariably followed extirpation of the pancreas, 
lint that glycosuria was absent in over one-third of the cases 
(thirteen out of thirty-four cases). When pancreas extirpation 
has not been followed by diabetes, it appears prolwible, Iiowever, 
that a small portion of the gland has been accidentally left 
behind, and that this has prevented tlie appearance of sugar 
in the urine. 

The statement of Minkowski and v. Mering. that complete 
removal of the pancreas is invariably followed by diabetes 
niellitus, has since been confirmed by Hedon, Lupine, Lancereaux. 
Thiroloix, Gley, Vaughan Harley, and others. 

In 1893, Minkowski published a long article, giving a very 
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fnll account of his brilliniit and numerous experiments on 
pancreatic diabetes; from this and from bia previous articles 
most of the following details are taken ("). 

(a) Effects of pancreas extirpation in ixirious animals. — In 
dogs and cats, diabetes mellitus of a most severe form was 
invariably produced by total removal of the pancreas. In 
rabbits, owing to the anatomical position of the gland, total 
extirpation was scarcely possible. In pigs, total extirpation also 
produced diabetes. Minkowski failed to produce diabetes in 
frogs by this experiment, but Aldehoff has been successful. 

(6) Sugar excretion after (otai cxtiiyition. — In dogs, ae a 
rule, the day after the operation the urine contains only 1 per 
cent, of sugar, on the second day 4 to 6 per cent,, and on the 
third day 8 to 10 per cent, which is the highest sugar excretion. 
It no food be given, the sugar excretion gradually diminishes, 
but does not disappear, even after seven days' starvation. If 
the animals be placed on a free diet, the sugar excretions 
remain very high, and show great variations, according to the 
nature of the diet. The sugar excretion has a definite relation 
to the urea excretion, on tlie average 2'8 to 1, when carbo- 
hydrates are excluded from the diet. 

The result of pancreas e.'itirpation in dogs was to produce 
not a temporary glycosuria, but a genuine permanent diabetes, 
corresponding to the most severe form of the disease in man. 
The sugar excreted in the urine was grape sugar. The dogs 
were abuomially voracious, and suffered from great thirst. If 
allowed to drink as much water as they desired, polyuria 
occurred. In spite of the large amount of food which they 
took, they soon became thin and feeble. The amount of sugar 
in the blood was considerably increased. 

In course of time, when the dogs became emaciated, the 
quantity of sugiir in the urine diminished. Shortly before death 
it became very small, and occasionally disappeared completely, 
juat aa sometimes occurs in cases of diabetes in man. 

(c) Partial extirpation.- — Diabetes does not occur after partial 
extirpation of the pancreas. Minkowski found that when one- 
quarter or one-fifth of the gland was left behind, diabetes did 
not develop, Even when the pancreatic duct was ligatured, and 
the remaining piece of the pancreas had no connection with the 
duodenum, still it was sufficient to prevent glycosuria. In these 
cases, after large quantities of carbohydrates (500 to 1000 grms. 
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of bread ami 100 to 200 grms. of cane sugar), sugar did 
appear in the urine, ns a rule. 

Vaughan Harley (') etates that if one-sixteenth part of the 
gland be left behiud, even thottgh it may have no excretory duct 
opening into the intestine, it ia Rutticient te prevent glycosurio. 
Minkowski (*), however, points out that it is not possible to say 
exactly what the size of the remaining pancreas fragment must 
be to prevent the occurrence of diabetes, since much depends on 
the condition of the nutrition aud blood supply of the fntginent. 
In some cases a slight or temporary glycosuria was produced by 
paitial extirpation, the sugar disappearing when the animal was 
fed on nitrogenous food only. 

(rf) Tran^lantation of pieces of pancreas under the skiit of the 
tthdomen. — Minkowski has shown the relation of the pancreas 
to diabetes by the most striking e.xperiment of transplanting a 
piece of the gland. He has succeeded (in dogs) in transplant- 
ing a portion of the pancreas, and grafting it under the skin of 
the abdominal wall external to the abdominal cavity. If the 
transplanted portion of pancreas (or graft) does not necrose, but 
maintains its nutrition, then diubeles will not occur when the 
whole of the remaining intm-abdominul part of the gland is 
removed. But if the transplanted portion of jjancreas — i.e. the 
griift under the skin of the abdomen — be subsequently removed, 
then diabetes occurs. Hence a portion of pancreas grafted under 
the skin of the abdomen is suHicient to prevent the occurrence 
of diabetes when the whole of the gland is removed from the 
interior of the abdomen, but, on the removal of this graft, 
diabetes in its moat severe form follows. The disease ia thus 
finally produced by an extraperitoneal operation of very short 
duration^a few minutes only— in which all secondary intluences 
can be excluded. Minkowski's results with respect to these graft 
experiments have been confirmed by Htdon, Thiroloix, Gley, aud 
Lancereaux. 

In Hedon's experiments ("), the descending portion of the 
pancreas of the dog was grafted under the skin of the abdomen, 
care being taken not to destroy a vascular counection (in order 
that the nutrition of the grafted piece might be maintained), until 
adhesions had formed between the pancreas graft and the sub- 
cutaueous tissue. The grafted piece of gland communicated, 
therefore, with the abdontinal cavity by slender vessels only. 
These were ligatured at a later date, without destroying the 
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vitality of the graft. In dogs having pancreas grafts, as jnat 
described, removal of the whole of the pancreas remaining in the 
abdomen did not iiroduce glycosuria. But when the extra- 
nbdomimil pancreatic graft was subsequently removed, very 
iniense glycosuria developed, and persisted up to the death of 
the animal. 

(r) The ffftds of various ariides of food, etc, on sugar excretion 
ill paiicreatic diabetes. — In tlie pancreatic diabetes of dogs the 
amount of sugar in the blood is considerably increased, and the 
glycogen of the organs disappears early. The whole of the 
grape sugar given in the food is excreted in the urine. Min- 
kowski thinks this would not occur if another organ besides the 
.pancreas could bring about the destruetiou of sugar. 

After pancreas extirpation, oi-dinary starch passes away 
uuchanged in the fieces. Soluble starch and dextrin ^ produce 
UD increased excretion of grape sugar ; feeding with bread also 
increases the sugar in the urine. After feeding with maltose, 
the sugar excretion is increased, but grape sugar only appears 
in the urine With regard to the htvorotatory carbohydrates, 
Minkowski has shown (1) that for the most part they are burnt 
lip in the organism ; (2) in part they are changed iuto grape 
sugar, and excreted as such ; (-i ) after the administration of 
Lirge quantities of lavulose, a portion passes oiF unchanged in 
the urine ; but when the animal is fed with inulin, iKvuloae is 
not found in the urine. After feeding with cane sugar, neither 
this body nor I^evuloae are found in the urine, but the grape 
BUgar is considerably increased. When lactose is given, tlie 
sugar in the urine is increased, but only </rape sugar is excreted. 
Subcutaneous injection of freshly prepared pancreas extract, and 
also feeding with fresh pancreas, lias no influence on the sugar 
excretion (Minkowski). The use of jambul gave negative 
results. 

{/) Glycogen in the ortjamtm in panci^alic diabetes. — v, Mering 
and Minkowski have shown that after pancreas extirpation the 
glycogen rapidly diminished in the liver, until only traces of it 
were left, and yet in these cases the amount of sugar in the 
blood was abnormally high. But in animals in which a portion 
of the pancreas was left in the abdomen, and in which, therefore, 
the intensity of the diabetes was alight, a considerable amount 
' of glycogen was found in the liver. 

After extirpation of the pancreas, Abelmann has shown that 
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ahsorption of fat from the intestines ceased entirely, and only 
about half of the albuminons material was absorbed. 

Acetone, aceto-acetic acid, and oxybiityrie acid, were some- 
times met with in the urine, but they were not always present. 
The glycogen in pus cells, and in the white blood corpuscles in 
cases of pancreatic diabetes, was (onnd to he increased. Compli- 
cations, snch as peritonitis, necrosis of the duodenum, abscesses, 
etc, prevented the e.xcretion of sugar, just as sometimes occurs 
in diabetes in man. Possibly by the influence of pathogenic 
micro-organisms the sugar of the blood is destroyed. 

{g) 'flic cause of diabetes after complete removal of Hie fancreas. 
— (1) In the first place, diabetes following extirpation of the 
pancreas is not due to absence of pancreatic juice iu the intes- 
tine, uor to the diminished elimination of certain substances 
formed in the pancreas. As above mentioned, the older e.Kperi- 
menters failed to produce diabetes by ligature and obstruction of 
the pancreatic duct. More recently, Hcdon has obtained the 
same negative results. Then, as already mentioned, Minkowski 
and V. Mering have shown that it a small portion of pancreas be 
left behind in the abdomen, no diabetes follows, even when the 
pancreatic duct is lig.itured, and when the portion of pancreas 
remaining has no connections with the duodenum. When a 
small portion of the tail ot the gland is left behind, diabetes 
does not occur. Further, the fact that diabetes can bo prevented 
by a pancreas graft under the skin of the abdominal wull, when 
the whole of the gland is removed from within the abdomen, is 
conclusive evidence that it is not the absence of pancreatic jaice 
from the intestinal canal which is accountable for the develop- 
ment of the disease. (2) Neither is diabetes after pancreas extir- 
pation the result ot lesion of the solar plexus ot the abdominal 
sympathetic nerves. As Minkowski and v. Mering point out, the 
solar plexus would be injured as much by partial extirpation 
(when only a fragment of the gland is left behind) as by total 
extirpation, and yet in the former case diabetes does Jiot occur. 
Then, again, the fact that an extra-abdominal pancreas t-raft can 
prevent the occurrence of diabetes, when the whole of the gland 
is removed from the abdominal cavity, shows that the injury of 
the solar plexus is not responsible for diabetes after pancreas 
extirpation. Further, Peiper (") and Lustig ("), by removal of 
the cceliac plexus, were not a.ble to pioduee true diabetes (see p. 
78). (;i) Neither is pancreatic diabetes due to an increased 
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flow of arterial blood to the liver, owing to the ligature of the 
vessels supplying the pancreas on removal of the gland. Though 
Arthaudand Butte ('^) have produced glycosuria by ligature of all 
the branches of the cccliac axis, with the exception of the hepatic 
artery, their results have not beeu confirmed by others; and the 
effects of {Nirliiil extirpation of the pancreas and of subcutaneous 
pancreas grafting, as above described, are opposed to this view. 
One would expect the supply of arterial blood to the liver to be 
increased practically to the Bunie extent in partial pancreas 
extirpation (when only a fragment Is left behind) as in total 
extirpation, yet diabetes occurs in the latter case, but not in the 
former. Again, the arterial supply to the liver would be the 
same in an animal from which the pancreas had been totally 
removed, as in the case of an animal In which all the gland had 
been removed from the abdomen, but a pancreatic graft left 
under the skin of the abdominal wall. Yet diabetes occurs in 
the former case, but not in the latter. (4) Pancreatic diabetes 
is not due to a renal disturbance, such as is supposed by 
some to be the cause of phloridzin diabetes, since removal of 
the kidneys produces an increase of the sugar in the blooil, 
whilst it does not affect the amount of sugar in the blood in 
ptiloridzin diabetes. (5) Minkowski's remarkable experiments, 
and especially the fact that a subcutaneous graft of pancreas 
will prevent pancreatic diabetes from occurring when the whole 
of the gland is removed from the ab'lominal cavity, all point 
to a special or speciRc function of the pancreas in preventint; 
diabetes. A "something" is formed in the pancreas which 
passes into the circulation, and brings about sugar destruction, 
or prevents the accumulation of sugar in the blood (Minkowski). 

By many this " something " is regarded as an internal secretion. 
Lepiue believes that in the normal condition the pancreas forms 
a sugar destroying ferment — the glycolytic ferment — which is 
absorbed by the pancreatic lymphatics and veins, and, passing 
into the general circulation, prevents the accumulation of sugar 
in the blood. According to Lupine, the absence of this ferment 
from the blood is the cause of diabetes when the pancreas is 
removed completely. 

LiSpine and Barral (^) have shown that in blood with- 
drawn from tfie body, and kept for some time at the body 
temperature, the sugar pretty rapidly disappears. This loss 
of angar they believe to be due bo the presence of a ferment 
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in the blood — the glycolytic ternient, and they regard the pan- 
creas aa one eource of this ferment. The loss of sugar dnring 
a given time, and under certain conditions, is taken as the 
indication of the glycolytic power of the blood, and they have 
ehown that in the pancreatic diabetes of dogs this glycolytic 
power is diminished. The loss of sugar is less, in a certain 
time and under certain conditions, in the blood taken from dogs 
sufl'ering from pancreatic diabetes than in the cose of healthy 
dogs; it is also less in the blood of diabetic patients than in 
healthy persons. 

According to L(!pine ('*), the pancreatic cells perform their 
functions in two directions. From the inner portions of the 
cell, pancreatic juice is poured into the branches of the excretory 
duct. From the outer portion of the cell, the base, or the part 
in relation to the vessels, the glycolytic ferment is poured out 
into the venous blood and lymphatics, i.e. an internal secretion 
occurs. According to Lepijie, the pancreas is not the only source 
of the glycolytic ferment, since the blood possesses a certain 
glycolytic power after the removal of this gland. 

The experiments above mentioned, in which a graft of 
pancreatic tissue in the abdominal wall prevented the occurrence 
of diabetes, when the whole of the pancreas was removed from 
within the abdomen, certainly seem to indicate that some sub- 
stance or " internal secretion " passes from the gland tissue into 
the circulation, and in some way prevents the occurrence of 
diabetes. But Lepine's views respecting the so-called glycolytic 
ferment have been much criticised. 

Arthus ('^) has made & number of experiments on the 
subject, and concludes that the glycolytic ferment does not exist 
in the ciixmlating hlood, but is formed outside the body, and 
that the ^lycolyBis ov sugar destruction observed is a cadaveric 
phenomenon as in the coagulation of the blood. 

KraiiB ('*) has shown that the so-called glycolytic power of 
hlood, obtained by venesection, varies in different individuals, but 
the same variations are fouud in diabetic patients. Seegen (") 
thinks that the disappeai-ance of sugar from the blood removed 
from the body is a post-mortem change. He found that if 
chloroform be added to the blood, and its protoplasm thereby 
killed, the same disappearance of sugar occurs, and that sugar 
added to the blood undergoing putrefactive changes gradually 
disappears. He also found that if blood be lieated to a tern- 
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'peratiire sufficient to destroy any enzymes present, and if sugar 
len be added, in time it disappears totally or partially; and 
le thereTore concludes that there is no definite evidence of a 

(llycolytic fermenL in t!ie blood, KaiiEmann ('*) and Chauvcaii 
faave made a series of analyses of the arterial and venous blood 
in healthy persons and in cases of diabetes, but they have never 
found any difference between the normal sugar destruction and 

\hBt in diabetes. 

Minkowski ('^) has also recorded an experiment in which 
pancreatic diabetes of a severe form was produced in a dog, and 
yet the blood lost a greater percentage of sugar in one hour, 
after withdrawal fi-om the body, than the highest limit observed 
in the euse of normal blood, i.t. the so-called glycolytic power 
vas not at all diminished. Minkowski thinks that it is not 
possible at present to give a satisfactory explanation of the 
exact manner in which extirpation of the pancreas produces 

I diabetes. Nevertheless the graft experiments so often referred 

'to show that the pancreas has a specific function, even if only 
a small fragment of the gland be present, in preventing the 
occurrence of diabetes. 

Ealiii (^) has performed experiments on dogs, in order to 
ascertain the changes produced in the blood during its passage 
through the pancreas. Blood, to which grape sugar had been 

'added, was passed through the vessels of the gland in situ. The 
amount of sugar was found to be less in the blood of the 
pancreatic veins than in the blood sent to the pancreas, also the 
blood of the pancreatic veins contained a little less sugar than 
the carotid blood. Baldi concludes that the living pancreas 
parenchyma, and not a ferment, causes the destruction of sugar 
in the blood. 

Marcus (*') has shown that in frogs extirpation of the 
liver checks the s\igar excretion after removal of the pan- 
creas. By extirpating the liver, the source of the formation 
of sugar is removed, and hence diabetes cannot occur in these 

08868. 

Hi^don (**) found that puncture of the floor of the fourth 
ventricle in animals rendered diabetic by extirpation of the pan- 
creas, considerably increased the glycosuria — to the extent of 
30 to 40 per cent, sometimes more. Hence puncture of the 
floor of the fourth ventricle does not produce diabetes by : 
action on the pancreas. 
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ThiroJoix (**) lios produced slow atrophy ami deatniction of 
the pancreas in animals by injecting foreign Bubstancee into the 
pancreatic excretory duct. The results were as follows: — (]) 
Tlie animals wasted; (2) then they recovered weight; (;{) 
when the pancreas had become markedly atrophied and sclerosed, 
glycosnria occnrred, if the diet consisted of amylaceous and 
saccharine material, but ceaeed when the diet was nitrogenous ; 
(4) when the atrophy of the pancreas had become so great that 
thd gland was practically destroyed, diabetes developed, and 
sugar was llien present in the urine, whatever the nature of tho 
fwod. From the results of a number of experiments, Thiroloix 
cuncludes that in the normal condition the [)ancreas produces a 
substance which is atrried by the portal vein to the liver, and 
the action of this substance on the liver cells transforms sugar 
into glycogen, and fixes it in the cells. When the pancreas is 
completely destroyed, the liver produces stiyar lai'gely, and 
glycosuria follows. 

(A) Pancreatic dwhetes and the Ttervtyus system. — Kaufmann 
(**' ^' ""' **), during the last four years, has performefl a large 
number of experiments on animals with respect to the relation 
between the pancreas, the nervous system, and the liver in the 
control of sugar formation. From these experiments he con- 
cludes that the pancreas, by its internal secretion, plays the 
part of inhibitor of sugar formation in the liver, indirectly by 
means of the central nervous mechanism of the latter, and 
directly by its influence on the liver cells. 

Section of all the nerves to the liver, in an animal having 
the jmncreas still active, is followed either by hypoglycemia, or 
the amount of sugar in the blood remains normal. But removal 
of the pancreas in a dog in which all the nerves to the liver have 
been divided, is followed by hyperglyciemia. Hence the internal 
secretion of the pancreas must have a direct action on the liver 
by means of the blood — on action hindering sugar formation. 
Further, Kaufmann has shown that in animals which have no 
excess of sugar in the blood, if the nerves of the liver and 
pancreas be completely destroyed, puncture of the fourth ventricle 
does not produce its usual effect of hyperglyca^mia and glycosuria. 
But if hyperglyciemia and glycosuria be pi^eseut, the nerves of the 
liver and pancreas being destroyed, or the nerves and the liver 
being destroyed and the pancreas removed, puncture of the 
fourth ventricle iilways greatly increases the hypergiyciL-miji and 
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glycosuria. Hence Kaufmann concludes that puncture of the 
fourth ventricle acts not only on the liver and pancreas, but 
also on the general histoly tic work of the various tissues of the 
organism ; and that the histolysis is regulated both by the 
pancreatic products thrown into the blood, and also by the 
nervous system. The internal pancreatic secretion has an in- 
hibitory action, by means of the blood, on the tissue changes, 
and on sugar formation in the liver. 

From Kaufmann's experiments, it appears, therefore, that the 
internal secretion of the pancreas has an inhibitory action on 
sugar formation — 

(1) Indirectly, through the central nervous system and 
hepatic nerves. 

(2) Directly, through the blood, which carries the internal 
secretion of the pancreas to the liver cells. 

(3) By its influence on the tissues of the body. 

It has been shown that the pancreatic internal secretion is 
also under the control of the central nervous system. 

In addition to the above-described experimental proceedings, 
glycosuria may be produced in animals in numerous other ways ; 
but it has only been possible to refer to those which are of chief 
interest to the practitioner of medicine. 
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CHAPTER VII. 

GLYCOSURIA FROM VARIOUS CAUSES. 

Alimentary Glycosuria. 

In health, according to some authors, the urine contains a 
minute trace of sugar, but it is so small (if present) that it is not 
detected by the usual clinical method of testing, and for practical 
purposes the urine may be considered to be free from sugar. It 
has been demonstrated, however, by a number of observers that 
when a very large quantity of saccharine food is taken, a small 
amount of sugar is found in the urine even in health. 

Moritz(^) found sugar in the urine in five out of eleven 
healthy persons, after a meal very rich in saccharine materials ; 
two to four hours after food 0*1 to 0-25 per cent, of sugar was 
present ; but the glycosuria soon disappeared. 

The sugar found in the urine is said to be the same as that 
taken in excess — glucose producing glycosuria ; lactose, lactosuria ; 
Isevulose, l^evulosuria ; saccharose, saccharosuria. 

According to von Noorden ('-), the amounts of the various 
forms of sugar which must be taken before the sugar is found in 
the urine are as follows : — 



Milk sugar, over 120 grms. 
Cane sugar, „ 150 to 200 grms. 
Fruit sugar, about 200 grms. 
Grape sugar, „ 180 to 250 grms. 



These figures represent, therefore, the amounts of the various 
forms of sugar required to produce alimentary glycosuria in 
healthy persons. They indicate the average quantities only, and 
naturally they vary somewhat in different individuals. To 
produce this alimentary glycosuria the sugar should be given 
all at one dose, early in the morning, when the stomach is 
empty, and the urine should be examined every hour for sugar. 
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The nccurreuce of alimentary glycosuria depends not only on the 
quantity of glucose taken, but also on the rapidity of absorption, 
For example, iu a case examined by Strllmpcll (*), 150 grms. of 
glucose given all at once on. an empty stomach caused distinct 
glycosuria, but when the same quantity was divided into three 
portions, and taken separately in the course of an hour, the 
urine remained free from sugar. 

The sugar appears in the uriue from three-quarters to one 
hour after the administration of the glucose, and the excretion 
thereof continues one to three hours. 

The total amount of the various forms of sugar excreted ia as 
follows : — 

2 "8 per cent, of the cane sugar Ukeu, 1 per cent of the gr.ipe 
augar, O'S per cent, of the milk sugar. 

The power of assimilation for starch in healthy persons 
appears to be unlimited ; probably so much time is required for 
its absorptiou and digestion, that over-satu ration of the blood 
with carbohydrates does not occur. Those persons whose urine 
contains augar after a diet containing large quantities of starch, 
have a low and abnormal assimilation limit, and the condition 
approaches diabetes. 

In healthy persons, then, alight glycosuria can only be 
produced by very great excess of sugar in the diet, and not by 
excess of starch ; in mild forms of diabetes, starchy food as well as 
saccharine food produces glycosuria ; in the most severe forms, 
glycosuria is present even when the diet consists of nitrogenous 
materials only. 

By an excess of carbohydrates in the food, the glycogen 
stored in the liver and muscles is increased, but the storing 
space is apparently not unlimited. WheTi there is an excess of 
carbohydrates absorbed day by day, the limit of the storing 
capacity of the liver and muscles seenia to be reached, and the 
e.'ccess of carbohydrates ia transformed into fat, which is deposited 
in the connective tissue in various parts of the body. When the 
excess of carbohydrates cannot be disposed of in either of these 
ways, because the glycogen depot is too limited, or the quantity of 
carbohydrates too great permanently or temporarily, there is an 
excess of sugar in the blood, and glycosuria results. 

A number of obser\-ations have been made during the last 
ten years, with reference to power of sugar assimilation in various 
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^liseaaed states, in order to asceTtain whether in these conditionSB 
glycosuria can be prothiced with smaller quantities of sugar than 
in health ; but iii a few conditions only has this power been 
found diminished. In most diseases, 150 to 200 griiia. of 
grape sugar can be taken without glycosuria being produced 
(v. Noorden); but larger doses — as in health — produced* 
glycosuria. 

Lanz (*) has found, however, that the power of asBimilation of 
grape sugar is diminished during pregnancy. To thirty pregnant 
women he administered 100 grms. each of pure grape sugar, and 
in nineteen cases he wae able to detect sugar in the urineJ 
(As already stated, normally, 180 to ^50 grms. oF grape sugafti 
can be aBsimiJated.) ■ 

According to Kraus and Ludwig ("), Chvostek (") and 
V. Noorden, there is a diminished power of sugar assimilution 
in Graves' disease, i.^. ahmentary glycosuria is more easily pro- 
duced than in health. A similar condition was found by 
Striimpell in cases of neurasthenia, or traumatic neurosis. In 
other diseases of the brain, spiual cord, nerves, ami muscles, no 
diminished power of sugar destruction has been detected. 

In some cases of cirrhosis of the liver glycosuria has been:l 
produced more readily than in health, hut in most cases, i 
well OB in other forms of liver disease, there has been 
diminished power of sugar destruction. This is somewhat i 
markable, since in many of these diseases the liver tissue vtM 
destroyed to a great extent. 

V. Jaksch has shown that in phosphorus poisoning, however^,! 
when the symptoms are far advanced, and when the protoplaam 
of the nmsclea and liver cells is markedly affected, alimentary 1 
glycosuria is produced more readily than in health. 

In diseases of the heart, lungs, and blood, in arte rio-sclero sis 
and marasmus, the power of sugar destruction does not appear to be 
altered. In many, but not in all, cases of chronic alcoholism, or, 
more correctly, cases of habitual drinkers of large quantities of 
beer, Striimpell found that glycosuria could be readily induced 
by 100, 75, or even .'iO grms. of grape sugar. The same 
condition the author discovered in some persons after they 
had taken an excessive quantity of beer (IJ to 2 litres) very d 
rapidly. Alimentary glycosuria does not occur in all great] 
beer drinkei-s, however, and much depends upon individual! 
peculiarity. 
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Puerperal Glvcosuiua. 

It has loug been known thnt a substance occurs in the 
urine iu the puerpenil state, which reduces yehling's solution 
like gmpe BUgar. Blot (') drew attention to this fact many 
years ago. He concluded that a physiological glycosuria existed 
in women during labour, in women during lactation, and in 
almost 50 per cent, of women during pregnancy. No diabetic 
syniptoma are present iu this physiological glycosuria. After 
delivery, and on the cessation of lactation, the sugar disappears. 
The observations of Blot were disputed at first, but have now 
been abundantly confirmed. Matthews Duncan (*) stated that 
in the Edinburgh Maternity he found a slight amount of sugar 
in the urine ot every woman during lactation. 

Ney (") examined the urine of 148 women during lactation, 
and found sugar jjresent in 77 per cent. 

M'Cann and Turner ('") have investigated one himdred cases, 
in order to decide whether sugar is always present in the urine 
of nursing women at some period of lactation. The following 
are the results of their observations: — 

1. That sugar is present in the urine of women during 
lactation. 

2. That sugar is present at some period in every case. 

3. That in the majority of cases the largest amount occurs 
on the fourth and fifth days of the puerperium. 

4 That the quantity depends on («) the condition of the 
breasts, (6) the quantity and quality of the milk, and (c) the 
Bucking of the child. In oae hundred cases the average quantity 
found was 0'35 per cent, ic. 1 J grs. per ounce. 

5. That when lactation is diminished or suppressed the 
amount of sugar diminishes or disappears, 

6. That when the production and exhaustion of the milk 
are equal, the amount of sugar is very small. 

Kaltenbach ('^) has demonstrated that the form of sugar in 
puerperal glycosuria is lactose. He bases this conclusion on the 
inability of the sugar to ferment directly, on its rotatory power, 
on the fact that it is tmnsformed directly into fermentable 
sugar by boiling with sulphuric acid, and on the mucic acid 
reaction. (The other reactions given by lactose in tlie urine are 
pointed out on p. 32.) 

The presence of lactose in the urine appears to be connected 



PUERPERAL GLYCOSURIA. 89 

with engorgement of the breast, The lactose in the urine is 
abundant in women whose childroii have been born dead or have 
Jied during the period of luctation ; it is also abundant when, 
from mastitis, clefts of the nipples, or other causes, the child 
cannot be applied to the breu&t, and engoi^emeut of the gland 
occurs, 

Sinclair (") states that he has never failed to find sugar in 
the urine, when tlie breasts have been engorged from any cause 
during the period of functional activity. He believes that the 
Bugar in the urine is due to absorption from the engorged 
breasts; and he has met with a lai^e number of cases in which 
sugar has appeared in the urine, on the occurrence of still birth, 
or when the child bus been suddenly weaned, (See also p. 58.) 

In cases of abscess of the breast, I have often found that the 
orine gives a slight reduction of Fohling's solution, but no 
indication of sugar by the fermentation teat ; also filtration 
through animal charcoal does not remove tlie reducing body, 
which in all probability is lactose. 

Glycosuria produced bv Poisons and Chemical 
scbstakces, 

Numerous drugs have been stated to be capable of producing 
glycosuria, but it is probable that very frequently the substance 
in the urine which has reduced Fehling's solution has not been 
sugar, but some other reducing body — often glycuronie acid. 
When the urine reduces Fehling's solution after the adminis- 
liation of any drug, it is always necessary to try some con- 
firmatory test before deciding that the reducing substance is 

IT. 

The following are the drugs and chemical substances which 
have been snid to sometimes produce glycosuria in man or 
animals: — Curare, ortbonilro-phenylpropiolic acid, carbon mon- 
mide (in eleven out of sixteen coses observed by Frerichs (") 
■the sugar disappearing in two to four days), aniyl nitrite (by 
jectioQ in dogs), and methyldelphinin. The following sub- 
said to occasionally produce glycosuria, when taken 
or inhaled in very large quantities: — Opium, morphia, chloral 
Igrdiate, prussic acid, mineral acids, coal gas (in one out of tour 
leases — Frerichs), poiaonnus doses of mercury, arsenic, and phos- 
^faoma. Strychnia poisoning is stated to have produced 
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glycosuria in frogs, but Frerichs has ftiiled to detect sugar iu 
the uriue in a well-marked case of strychnia poisoniug in 
num. 

According to Jacoby ('*), caffeine, theobromin, beozoate of 
caffeine and soda, diuretin, and caffeine sulpfiouic acid, give rise to 
glycosuria with diuresis iu rabbits, when the animals are fed 
on roots, carrots, and tumiiffl. Ether and chloroform narcosis 
liave been stated to occasionally give rise to sligtit glycosuria, 
but in cases examined by Frericfia no sugar was detected. I 
have examined the nrine of a number of surgical patients, after 
chloroform narcosis, without ever being able to obtain even 
the eligbtest reduction of Feh ling's solution. 

I have recently examined the urine in three cases of opium 
poieoning, with the following results. In a case which terminated 
fatally in less than twelve hours, I was unable to obtain any 
evidence of sugar in the uriue drawn oil' from the bladiler 
immediately after death. In another case the urine i-educeil 
Fehling's solution slightly, gave the characteristic yellow crystals 
when the [ihenylhydrazin test for sugar was applied, and also 
a distinct reaction for sugar with the fermentation test. In 
a third case of opium poisoning, the urine gave no reaction for 
sugar when the fermentation test was employed. 

It was pointed out by Leconte ('*), in 1851, that the 
prolonged administration of small doses of uranium salts caused 
glycosuria in animals. Chittenden, Lambert, Woroscliilsky, and 
others, have published the results of observations on the physio- 
logical action of tliese salts, and the subject has been reeeutfy 
reviewed by Cartier ('*). In large doses, nitrate of uranium 
ia an irritant poison, but small doses act as a diuretic. The 
specitiG gravity of the urine is increased, and albuminuria and 
glycosuria are produced: other symptoms are loss of appetite, 
thirst, general torpor, paresis of the posterior limbs, paralysis, 
and emaciation. Finally, the animals become comatose, and 
death occurs. Cartier points out that the chief changes found 
pattiologically are in the liver and kidneys. Small doses cause 
simply hepatic congestion. After larger doses (in rabbits), 
hyaline masses have been found in the interior of the liver 
cells, and the nuclei have been found jmshed to the side of 
the cell ; at some parts the cells are necrotic. The hyaline 
masses do not contain glycogen. The changes in the kidney 
have varied from congestion up to necrosis. The chief lesion 
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hii8 been fuiind in the convoiuted tubes where uecrosis of the 
epithelium has been observed. 

Pavy (") has shown that phosphoric acid, injected iuto the 
jugular vein of animals, produces glycosuria. 

It is stated that the iiilravenoiis injections of lai^e quantities 
of a 1 per cent, sodium chloride solution, or of solutions of 
carbonate, sulphate, acetate, and succinate of soda, have produced 
glycosuria in animals. 

Claude Bernard's diabetic puncture of the fourth ventricle is 
said to be unsuccessful in producing glycosuria, if sodium car- 
bonate be ]ireviously injected into the blood, and the glycosuria 
■which is produced by lesions of the sympathetic nerves can also 
be arrested by the injection of sodium carbonate. 
I In animals sufi'ei-ing from phosphorus or arsenical poisoning, 

I Bernard's puncture is said to have only very slight effect. 

Harley ('^) produced glycosuria by injecting ether, chloro- 
form, ammonia, alcohol, and methylated spirits into the portal 
veiu. 

Clinical Gltcosuiua. 

In a number of varied diseased condiiious, a small 

' quantity of sugar is occasionally met with in the urine, 

though polyuria or other diabetic symptoms are absent. But 

it ia well to remember, in enumerating these conditions, that 

in all of them glycosuria is much more frequently absent than 

present, and that when detected it is temporary, and continuea 

usually for a few hours or days only. 

I Glycosuria is sometimes present in cases of hraiii Imiim, and 

I injury to the head is an occasional cause. It will be pointed out 

I in the section on etiology that true diabetes sometimes follows, 

and is apparently excited by, a blow on the head. These cases 

are very rare, but cases of temporary glycosuria after an injury 

to the head are not very infrequent. 

Higgin and Ogden ('*) have carefully examined the urine in 
212 cases of injury to the head, and have found sugar present in 
twenty. lu cases of scalp wounds and minor head injuries, 
glycoBuiia was met with in 5'95 per cent.; in cases of scalp 
woimds with exposure of bone, glycosuria was present in 93 
per cent. ; in cases of concussion, in 2-5 per cent. ; in fractures 
p-ol the vault of the skull, in 20-& per ceut. ; in fracture of the 
Lbase, in 23-8 per cent. 



92 GLYCOSURIA FROM VARIOUS CAUSES. 

From the examination of these 212 cases, the authors draw 
the following conclusions : — 

1. That sugar may appear in the urine as early as six hours 
after a head injury, and dieapitear within twenty-four ; the 
avenge time for its appearance being eight to twelve hours; the 
average time for the disapiienrance being from the fifth to the 
ninth day. 

2. That ft small proportion of cases exhibit a permanent 
glycosuria from the date of the injury to the head. 

3. Tliat acetone aud diacetic acid are rarely, if ever, found 
in such cases, excepting where the condition becomes a permanent 
glycosuria, aud even then probably only after a number of months 
or years. 

Brain lesion, such as cerebral hivmorrhage, meningitis, 
cerebral aneurysm, bruin tumours, tumours of the pituitary body, 
as well as neuralgia, sciatica, and Graves' disease, have all been 
occasionally associated with glycosuria. Occasionally, though 
very rarely, glycosuria has been found in cases of tetanus, 
paralysis agitans, epilepsy, and atheroma of arteries about the floor 
of the fourth ventricle ; but the glycosuria is usually temporary. 
A few cases of locomotor ataxia, associated with glycosuria, or 
much more rarely witti true diabetes, have also been recorded. 

Glycosuria is occasionally associatetl with mental diseases. 
Bond (*') has carefwlly examined the urine of 355 cases of mental 
disease, but has only found sugiir present in 535 per cent. 
Only two suffered from true diabetes ; the rest were cases of 
simple glycosuria. In the majority of the eases in which 
glycosuria was present, the patient suffered from melancholia. 
Maniacal patients, epileptics, and congenital cases were appa- 
rently exempt. 

Naunyn (-') has drawn attention to the occasional association 
of glycosuria, or mild forms of diabetes, with general paralysis of 
the insane. 

Glycosuria has been met with, though very rarely, after the 
following febrile affections : — Typhoid, scarlet fever, malaria, 
diphtheria, cholera, anthrax. It has been observed occasionally, 
though very rarely, in gallstone colic ; and several instances of 
glycosuria associated with appendicitis have been recorded. 

In most of the above-mentioned cases the glycosuria is 
temporary, and persists only for a few hours or days ; occasionally 
it is permanent, and all the symptoms of diabetes may develop. 
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III other cases the glycosuria disappears for a time ; but may 
ttfterwards reappear, and occnsionally true diabetes may ultimately j 
develop. Loeb has recently recorded cases in which this has 
occurred (see p, 166). 

V. Noorden found that in four out of fourteen obeee 
individuals, temporary glycosuria was produced by the adminis- 
tration of only 100 grms. of grape-sugar, i.t. there was a 
diminished jxiwer of sugar destruction in the system. Of these 
four persons, two became diabetic some years later ; in the other 
two cases, the lapse of time is still too short to allow any very 
detinite opinion tu be given with regard to the probability of 
diabetes developing. 

The asBociatiou of glycosuria with the above-mentioned 
affections is usually exceedingly rare. Whilst a slight glyco- 
suria is not very uncommon in the ailments of stout and wealthy 
elderly persons seen in private practice, it is lare amongst the 
poor and badly -nourished patients of large hospitals. 

In addition to the diseases mentioned, I have recently met 
with the following affections associated with glycosuria : — 

Cerebral hiemorrhage and fractured skull (recorded on p. 294). 

Two cases in which there was marked double optic neuritis, 
with severe headache. Other indications of brain lesion were 
absent ; the sugar disajipcared from the urine in the course of 
Bome days, and gradual improvement took place. 

One case of chronic lead-poisoning, with double wi-ist-drop. 

A case of ataxia, of sudden onset, accompanied by diplopia 
and paresis of both external recti. The optic discs were normal, 
no other nervous symptoms were present, and in the" course of a 
few weeks the glycosuria and nervous symptoms disappeared. 

Two cases of hemiplegia. 

One case of optic atrophy. 

One case of chronic parenchymatous nephritis, with enlarged 
liver. 

A case of fracture of the tibia. On admission to the 
Hospital, sugar was present in the urine in large quantity, but 
disappeared in a few days. There were no other indications of 
diabetes, 
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CHAPTER VIII. 

ETIOLOGY AND ETIOLOGICAL RELATIONS. 

A, Etiology. 

1. General relations, — Sex. — Diabetes mellitus is a disease 
which is more common in males than females. In the early 
period of life, however, the liability of the two sexes is about 
equal Afterwards, especially after 30, males are affected more 
frequently than females. Thus, in 100 cases of diabetes at the 
Manchester Royal Infirmary, the proportion was as follows: — 



Males 
Females 

Under the age of 30. 
Males . . 18 cases. 
Females . . 19 ,, 



62 cases. 
38 „ 

Over 30. 
44 cases. 
19 



>» 



Age. — The following table shows the number of patients at 
various ages in 100 consecutive cases of diabetes. At the time 
of admission to the Hospital the majority were suffering from a 
severe form of the disease. 



One Hundred Casea of Diabetes {chiefly Hospital Patients), 





AOB. 


l(>-2(). 




YEAK8. 






Total. 


20-30. 


' 30-40. 

i ^^ 

i 8 


40-50. 


50-60. 

9 
3 


60-70. 
3 


Males . 
Females 




(J 
6 


12 
13 


18 

3 


62 MiUe.s. 
38 Females. 


• * • • " 




Total . . 


12 


2:. 


1 

. 22 

1 


21 


12 


8 


100 



In private practice the proportion of cases at various ages is 
somewhat different to that given in the above table. Thus 
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Karl Grube (^) of Neuenahr — a spa much frequented by diabetic 
patients — found the highest percentage of cases between the 
ages of 50 and 60. 

The following table, which I have prepared from the pub- 
lished records of several authors, shows that there is considerable 
difference with regard to the age of the patients in various series 
of cases. l^obably the difference is due to the fact that in 
private consulting practice a large number of cases of diabetes of 
the milder form, in well-to-do elderly people, are met with, whilst 
these cases are much more rare amongst the poor and hard- 
working classes that chiefly supply the diabetic hospital patients ; 
or, at least, if these mild forms do occur in elderly people 
amongst the poor, they more rarely come under treatment 



Percentage of Cases of Diabetes at various Ages. 



Grube 

Seegen 

Pavy 

Frerichs 

Manchester Royal In- | 
firmary . . . . ) 



Under 
10 yra. 


10-20. 


20-30. 


30-40. 
11-2 


'40-60. 


50-60. 


60-70. 


70-80. 


Over 

80. 


• . . 


17 


2-8 


231 


39-5 


18-1 


3-4 




0-5 


3 


16 


16 


24 


30 


10 


0-5 


• • ■ 


0-58 


4-19 


713 


16-4 


24-92 


30-73 


13-37 


2-49 


•07 


1 


7 


10 


18 


25 


26 


11 


1 




• • • 


12 


25 


22 


21 


12 


8 


... 


• • • 



The mortality (per million living), as given in the Report of 
the Eegistrar-General, is greatest between the ages of 65 and 
75 ; whilst, amongst hospital patients in Manchester, the table 
given above shows that 68 per cent, are between the ages of 20 
and 50 when they first come under treatment. 

The table on page 97 is taken from the " Supplement to the 
Fifty-fifth Annual Report of the Eegistrar-General" (Part L, 
1895, p. cxL). 

Death from diabetes is very rare in extreme old age. In 
young persons and children the disease is rare, as shown by the 
following table. Recently two patients each aged 12 years, 
and one patient aged 11, were admitted to the Manchester 
Royal Infirmary, suffering from diabetes mellitus. Bell (^) has 
recorded a fatal case of diabetes mellitus in a child ait. 3 
months. 
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Wegeli(*) gives the following table with reference to the 
f^ea of 102 caaes of diabetes mellitue in children: — 
Under 1 year ... 3 

1-5 years . . . . 2C 

5-10 31 

10-16 „ .... 42 

102 

In children and young people the disease often runs a very 
rapid course though occasionally there are exceptions to this 
general rule. In elderly persons the disease is frequently 
associated with gout and obesity ; it is then generally of a mild 
form, and often runs a very chronic course. 

2. Geographical distribution, racial influence, and rarity of the 
disease. — In most countries diabetes is a rare disease. A 
medical man ong^ed in a busy general private practice in 
England only occasionally meets with a well-marked case. In 
hospital practice more cases are collected, and here the disease 
can be best studied. At the Manchester Boyal Intirmary, during 
the twenty years 1875-1895, the number of medical in-patieiUs 
was 27,721, and of these only 272 suffered from diabetes, not 
quite 1 per cent. ( = 0'9 per cent.). 

The death-rate from diabetes in England, per million living, 
in the ten years 1881-1890 was 57. In Manchester the 
census of 1891 gave the population us 505,368; in Salford, 
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198,717. The number of deaths from diabetes in the same 
year was 29 in Manchester, and 8 in Salford — total, 37. 

Osier (*) states that the disease is more rare in America 
(United States) ttian in Europe. The last census for the 
United States gave a mortality of 28 per 100,000, whilst in 
European countries the mortality is from 5 to 9 per 100,000. 
Among 35,000 patients treated at the Johns Hopkins Hospital, 
Baltimore, there were only ten cases of diabetes mellitus. 

The following table, prepared by Ebstein (*), shows the pro- 
portion of cases of diabetes treated in various University clinics 
in Germany : — 
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Ebstein also mentions that, in the Eppendorff Hamburg 
Hospital, amongst 7710 medical cases there were only four cases 
of diabetes, i.e. one in 1927. 

The di.sease is therefore met with more frequently in the 
Manchester Koyal Infirmary than in German hospitals. 

In India, Ceylon, South Italy, and Malta, diabetes is much 
more common than in most other countries. 

Bose(") has pointed out that of the various races of India it 
is the Hindus who chiefly suffer. Amongst 250 cases which he 
has collected, only two were Mohammedans, seventeen were 
Europeans, and L'31 Hindus. All the 250 cases were males. 
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Bose points out that in India the disease is chiefly one of middle 
life, but it also occurs, though rarely, at an early age. He 
believes that the disease is increasing greatly. 

Sen (^) also has shown that in Lower Bengal the Hindus 
suffer more than other races; he gives the following table of 
the mortality from diabetes in Calcutta : — 







1876-80. 




1881-86. 


188&-90. 


Male. 


Female. 


Total. 


Male. 
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Total. 


Male. 


Female. 


Total. 


Hindus . . 
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203 
3 
5 



The following table shows the proportion of races amongst 
the inhabitants of Calcutta (Sen) : — 





Hindus. 


MonAMMKDANS. 


Christians. 


Otiibr Rki.ioions. 


Male. 


Female. 


Male. 


Female. 


Male. 


Female. 


Male. 


Female. 


1881. . . 
1591 . . . 


168,107 
272,432 


98,538 
156,330 


75,731 
125,591 


33,722 
63,635 


11,581 
13,690 


10,484 
12,716 


2,359 
3,326 


1,149 
1,681 




Total 1881,401,671 


; 1891, 649,401. 





The following table shows the mortality from diabetes in 
Calcutta per 100,000 deaths, from 1876-1890 (Sen) : — 



1876 . . 


263 


1881 . . 


215 


1886 . . 


384 


1877 . . 


173 


1882 . . 


291 


1887 . . 


382 


1878 . . 


107 


1883 . . 


263 


1888 . . 


445 


1879 . . 


190 


1884 . . 


276 


1889 . . . 


325 


1880 . . 


196 


1885 . . 


314 


1890 . . 


379 



In Sweden, East Prussia, and the middle Ehine provinces, 
diabetes is said to be more common than in other parts of the 
German Empire (v. Noorden). According to Strlimpell, in 
Germany the disease is most common in Wlirtemberg and 
Thiiringen. Seegen(®) states that a large proportion of the 
diabetic patients who visit Carlsbad come from Frankfurt-am- 
Main and Thiiringen. He points out that his diabetic patients 
from Thiiringen were mostly poor, hard-working people, and that 
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a lai^e proportion of the patients from Frankfurt were Israelite&T 
Twenty-five per cent, of his cases were Israelites. Malcing 
allowance for the frequency of the visits of wealthy Jews to 
Carlsbail and other spas, he thinks that 10 per ceut. would 
indieute fairly the proportion of Israelites amongst his diabetic 
patients. Seegen attributes this frequency of the disease 
amongst the Israelites to a less stable condition of the Hebrew 
uervous system. 

Other writers have drawn attention to the frequency of the 
disease in the Hebrew race. Frerichs states that of his 400 
cases 102 were Jews. 

But amongst the wealthy Jews it is probable that the con- 
ditions of hfe play an important part in the causation of the 
disease, aa well as racial peculiarity. Purdy states that the 
Israelites generally sufler from a mild form of the disease, and 
that the patients have usually been great eaters. 

At the Manchester Eoyal Infirmary a considerable number 
of very -pour Russian, I'oUsh, and German Jews are admitted 
as in-patients, but, as far as one can judge, diabetes certainly 
does not appear to be more common amongst these fooT Jewish 
patients than amongst the British patients. 

Wallach ("), however, has clearly demonstrated the greater 
frequency of the disease amongst the Jews in Frankfurt. During 
nineteen years, IS 72-1890, there were 171 deaths from 
diabetes in Frankfurt. The proportion of deaths from diabetes 
to the number of deaths from all causes was si.'c times greater 
amongst the Jews than amongst the rest of the inhabitants. 
Carefully prepared tables show that the mortality from diabetes 
pet 1000 was greater at all agea amongst the Jews than 
amongst the rest of the inhabitants of Frankfurt : — 
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PiirilyO draws attention to the remarkable fact that the, 
mortality reports of the census for 1880 in the United States 
<it America do not furnish a single death from diabetes in either 
the Indian or Chinese population of the country, Indians are 
spare eaters, and subsist almost exclusively on nitrogenous fi 
With regard to the Chinese, the explanation is by no meai 
easy, but the fact is interesting ; diabetes does occur in Chini 
however. The apparent exemption may be di 
peculiarity. Diabetes is said to be rare in Japan. 

Fram a cai'efnl study of tlie mortality from diabetes in 
various regions of the United States, Purdy (") concludes that it 
is highest in the regions where there is " the lowest range of tem- 
perature, in conjunction with the higher altitudes, and I'icf xers&'' 
Dickinson (^^) concludes that diabetes is more common in 
the colder counties of England. He also thinks that the statistics 
show that the disease is more jirevalent in agricultural than la 
lu-ban districts. 

I'urdy has shown that in the United States the relatirs 
mortahty of diabetes in rural and urban populations is chiefly 
determined by temperature; in the colder regions the mortality 
being decidetlly higher in the country, whilst in the warmer 
regions it is higher in the cities. 

Henniker, in the Forty-eighth Annual Report of Eegiatrar- 
General (1885), draws attention (at pages xix.— xxi.) to the differ- 
ence in the mortjility from diabetes in various localities of 
Kngland. He thinks there is an inverse relation between the 
jirevalence of diabetes and the rainfall ; that where the rainfall 
18 least, as in eastern counties, the mortality is greatest. 

The mean annual mortality from diabetes per million, from 
1 874 to 1883, was forty-two in England and Wales, thirty-one in 
Scotland, twenty-live in Ireland. In Scotland and Ireland the 
rainfall is much in excess of that of England. Of the various 
English counties, the death-rate per million living from diabetes 
during 1885-86 waa highest in Norfolk; Berkshire eame next, 
and then followed Suffolk, Derbyshire, Sussex, Rutland, whilst 
London and Lancashire came low down on the list. 

3. I& dinhctes melUtits hecomin^ more precakvt? — An inspec- 
tion of the reports of the Registrar-General for the last forty- 
five years shows that the number of deaths registered as due to 
diabetes, and therefore the mortality per million living, has 
steadily increased. 
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Deaths from Diabetes 
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No doubt the increase of the number of deaths registered as 
diabetes niellitus is due in some degree to the improved training 
of the medical man of the present day ; cases are not so frequently 
overlooked at the present time as they were many years ago. 
But the increase is much too great and too constant to be 
explained in this way. Thus, in 1873 the death-rate was 35 
per million, in 1895 it was 75 per million. The sugar tests 
nsually employed at the present time are much the same as 
those of twenty years ago, and it cannot be maintained that 
medical men are now twice as careful in diagnosis and urine 
testing as they were then. 

It is interesting to note that several Eegistrar-Generals have 
drawn attention to this increasing death-rate from diabetes. 

Dr. Tatham, in the report for the ten years 1881—1890, 
especially draws attention to the increase. As he points out, 
the mortality has already become considerable, and is increasing 
year by year. 
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Thus for the ten years 1871-1880 it was 38 per million 
living, whilst in 1881-1890 it had risen to 57 per million. 
This increased mortality has been notic5ed in other countries also. 
Thus Purdy gives the following figures with respect to the 
United States: — 

Rates of Deaths from DiaMes in the United States, 

Year. Ratio. 

1850 .... 72 to! 00,000 deaths. 

1860 .... 98 „ 

1870 .... 170 



1880 



191 



>» 



>> 



j» 



if 



Purdy attributes this remarkable increase to more extrava- 
gant and luxurious living. 

LC'pine Q^) has pointed out that in Paris during the last 
thirty years the mortality has increased six fold — from 2-3 per 
100,000 to 13 per 100,000 inhabitants. 

In Denmark, Caroe (^*) has shown that the same increase has 
occurred. Thus, from 1860-69 the death-rate from diabetes in 
Copenhagen and the towns of Denmark was 2 per 100,000; 
whilst in 1890-94 it had risen to 8 per 100,000 inhabitants. 

Diabetes Mellitus amongst tlie In-patients at the Manchester Royal 

Infirmary, 1875-95. 
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There is no definite increase to be noted, however, in the 
proportion of cases of diabetea amongst the medical patienta at 
the Manchester Eoyal lufinnarj". This is ehown by the table on 
p. 103. Perhaps the table ia not quite a reliable indication 
of the frequency of the disease during the various years. During 
the years 1875-80 Sir William Roberts was physician to the 
hospital, and his great interest in urinary diseases no doubt 
caused some increase in the number of diabetic patients who 
sought relief at the Manchester Infirmary at that time. During 
the last ten years, however, the figures may be taken as a fairly 
reliable indication of the frequency of the disease. 

During the ten years 187d-85 there were, therefore, 139 
oases of diabetes raellitus amongst i;!,48.'i medical in-patiente; 
during the ten years 1885—95 there were 133 cases amongst 
14,238 medical in-patients, 

4. Social position. — v. Noorden thinks that the poorer 
classes of society suffer less from the disease. Frericha found 
that only sixty out of his 400 cases belonged to ihe poorer 
classes, v. Noorden thinks that riches, culture, and good social 
position increase the liability to the disease ten fold. Diabetes has 
been thought to be more common amongst persons whose occupa- 
tion demands much mental work and is associated with mental 
worry and irritation. It has been stited that it is more prevalent 
amongst learned men, musicians, poets, schoolmasters, merchants, 
and politicians. Also it is stated to be frequently met with 
amongst stout, wealthy, indolent persons. 

In spite of these statements, however, it must be remem- 
bered that the disease, often in its most severe form, is met 
with amongst poor, hard-working people ; whilst amongst the 
wealthy and better educated classes many of the eases are 
examples of the mild form of the disease. 

5. Heredity. — The influence of heredity in the causation of 
the disease has been variously estimated. As above stated, it 
appears probable that certain races are a little more prone to 
suffer from the disease, as, for example, the Jews and Hindus. 

Sometimes there is a distinct family history of diabetes. 
Several members of the same family, children of the same 
parents, occasionally suffer from the disease; sometimes an nncle 
or an aunt of the diabetic patient has been similarly affected ; 
occasionally, but very rarely, the father or mother have been 
diabetic. But this family history of diabetes is not common. 
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In the first 100 cases of diabetes in which I took careful notes 
with respect to the family history, I found that evidence of 
lieredity could be obtained in thirteen only. Most of these cases 
were hospital patients, and therefore 1 3 per cent, will probably 
be a minimum estimate of evidence of heredity. 

The following were the instances amongst 100 consecutive 
cases in which a family history of the disease could be 
obtained : — 

Case 1. — Female, set. 20 : two sisters also suffer from a severe form 

of diabetes. 

Cases 2, 3, 4. — In each case a brother of the patient has died from 

diabetes. 

Case 5. — A brother of the patient is said to have suffered from 
diabetes, and to have recovered. 

Cases 6, 7, 8. — In each case an uncle of the patient had suffered from 
the disease. 

Case 9. — Patient's aunt had suffered from diabetes. 

Case 10. — The patient's mother is said to have suffered from 
diabetes many years ago, but to have recovered ; her urine is now free 
from sugar. 

Case 11. — Patient's mother is said to have suffered from glycosuria. 

Case 12. — Patient's grandfather died of diabetes. 

Case 13. — Patient's father and uncle died of diabetes. 

In twenty-eight cases of diabetes in children, collected by 
Wegeli(^^), there was a family history of the disease in eight. 
In seven of these cases a brother or sister had suffered from 
diabetes 

Often there is a history of phthisis or mental disease in the 
family of a diabetic patient, and in the mild form of the disease 
not infrequently a family history of gout or obesity is obtained. 

6. The possibility of infection. — Schmitz(^^) in 1890 drew 
attention to this subject. He recorded twenty-six instances 
amongst 2320 cases of diabetes, in which apparently healthy 
persons, living in intimate association with diabetics, had 
developed the disease. Most cases were instances of married 
females, who had become diabetic after nursing a diabetic 
husband. In these cases there were no indications of hereditary 
predisposition; there was no family relationship between the 
patients ; no excess of sugar had been taken in the food ; and 
the patients had not suffered from gout. Hence Schmitz raised 
the question of the possibility of the transmission of the disease. 
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This vii'w seeme very improbable, however, and haa been mui^ 
disputed. Nevertheless the asBOciution is interesting, and seems 
to point to some common cause, at least ia some of the cases, as 
it is scarcely likely that all are mere coincidences. It is well 
known tliat the nursing of a patient during a long illnt-ss, and 
the anxiety connected therewith, have occusiunally been the excit- 
ing causes of diabetes. Now, if (i patient be suffering from diabetes, 
and be nursed by his wife, and if the anxiety and strain should 
bring on diabetes in the wife, then we should have the occur- 
rence of the disease in two persons living together. If to these 
cases we add those due to accidental coincidence, an explanation 
may perhaps be offered for the facts above meutioiied. I have 
never met with any instances of people living together who have 
both Buffered from the diseagc, but I have recently been some- 
what siu: prised to lind that three diabetic patients at tho 
Manchester Itoyal Infirmary all came from one small suburb of 
Manchester — Didsbury. One patient was a child, ret. 11, who 
died of diabetes after an illness of six weeks only. The other 
was a girl, aet. 1 2, and' the third was a young adult female. 
Considering the rarity of diabetes, the occurrence of three cases 
in this small suburb is somewhat remarkable. 

Oppler and Kiilz (") have recently given a critical review of 
the cases of supposed infection hitherto published, and have 
recorded ten additional examples, taken from 900 cases of 
diabetes seen by the late Professor Ktilz. 

Besides the ten (duplicate) cases they record, they have also 
found sixty-seven cases reported in medical literature. The 
numerical relation between diabetic uian'ied couples and other 
diabetic cases is shown in the following table, giving the results 
of the observations of several authors : — 

1 married cDupIo amongst 31 diabetic patients. 



Hertzka 


. 1 


Lecorchu 


. 6 


Scbmitz 


. 26 


Seegen 


. 3 


Kiilz 


. 10 


Total 


. 47 married 



d couple amongst 31 Jiabfltio patients. • j 
114 H 

938 ^^1 

d couplea amongst 4389 diabetic iKktient?.^^^^ 
I3|, or 108 per cent. ^^H 

of cases is so small, and since tho"^^* 



Since the proportion of cases is so small, and since tl 
influence of heredity and other predisposing causes cannot be 
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deluded with certainty, Oppler and Kiilz do not think there 
ElB sutlicicnt evidence for accepting the view that diabetes is 



Senator {'*) states that amongst 770 eases of diabetes that 

lave come under hia observation, there have been nine instances 

t6' man and wife suffering from the disease. This proportion — 

vl'19 per cent. — corresponds pretty closely with the statistics of 

Oppler and KiUz. 

But Senator points out that when all the eases are excluded 
B<in which there is a family history of the disease, or a history of 
Iwiy of the well-known etiological antecedents, the cases remain- 
I'lBg (of diabetes in man and wife) are so few that it seems 
robable that the occurrence is occidental, or that both man and 
Btrife have been subjected to the same antecedents. 

7. External Injurij. — In the section devoted to glycosuria, it 

8 been pointed out that after injuries to the head u small quantity 

t sugar is sometimes found in the urine for a short time. But, 

), attention was drawn by GooMen ('") and Fischer (*") 

to the fact that true diabetes occasionally follows an external 

injury. When we consider Iiow many people suti'er from the 

effects of external injury, and in what a very small proportion 

I of cases diabetes follows, it is quite evident that there must be 

B other factor beside trauma in the causation of the disease 

, these cases. Moreover, in a series of cases of diabetes a 

Stietory of trauma is obtained only in a small proportion. 

■Ifevertheless, cases are occasionally met with in which there 

jippeara to be little doubt that the injury has been the exciting 

r at least an important factor in the causation of the 

The following is an example of diabetes following and 

^parently due to an injury to the head (^'): — 

M. A. K., ict. 18 (under the care of Dr. Steell at the MancheBter 
mary). The patient was a strong, healthy, stout girl up to the 
of an accident seven months before ailinission. On going down- 
stairs she suddenly slipped and fell down thirteen steps, the top 
of her head coming violently in contact with a door at the bottoni 
of the steps. She was stunned by the fall, but did not lose con- 
sciouenesii. A dish which she had in her hand at the lime was 
broken in the fall, and her face was cut by the broken porcelain just 
below the right eye. She received a deep cut on the flexor surface 
lot the right forearm just below the elbow. She had great pain in 
I head for many hours, and very frequently suiVered from severe 
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lieadachc nfterwanls. Two weeks after the accident she first noticed 
thirst, which was soon followed by wasting- On a(!mission, the patient 
was emaciated; knee-jerka absent; urine acid, 1045, no albumin; 
large amount of sugar present (23 grs. to the ounce) ; marked 
brownish-red coloration with Fe^Cln. During the time the patient 
was in the hospital the amount of urine at first varied from 80 to 90 
oz. daily, afterwards from 56 to 68 oz. daily, with increase of sugar 
to 33 grs. i)er ounce. The diseaao terminated fatally abuut eighteen 
months later. 

I have met with a few other cases in which diabetes has 
followed an injury to the head or some other part of the body, 
but in these cases the connection of the disease with the injury 
has been less evident than in the case recorded above. In 100 
consecutive cases of diabetes mellitus in which I made careful 
inquiries, a history of external injury was obtained in six only. 
In two of these six cases the connection between the injury and 
the causation of the disease seemed doubtful. Ebsteiu obtained 
a history of external injury in six cases out of 11 G diabetic 
patients. 

The earlier the diabetic symptoms follow the accident, 
and the greater the probability that there were no diabetic 
symptoms previously, the more likely it is that diabetes is due 
to the accident. Ebstein (*-) has recently collected fifty cases 
of traumatic diabetes from liis own clinic and froni literature. 
From a review of the cases, he concludes that individual pre- 
disposition is an important factor. Occupation, age, and sex 
appear to be of no importance. Injuries to the head appear to 
be followed by diabetes more frequently than injuries to other 
parts. In one-half of the fifty cases of traumatic diabetes col- 
lected by Ebstein the head was the seat of injury. In other 
cases, injuries to the neck, liver, region of kiduey, pubes, etc, 
have been followed by the disease. 

From the fact that only an exceedingly small proportion of 
injured persons become diabetic, we must conclude that there 
exists some peculiarity in the nature of the injury, or some 
peculiarity in the individual, in cases of traumatic diabetes. 
The second view is the more probable, 

Ebateiii and Asher (^) have reported cases of traumatic 
neurosis which has been followed by diabetes. 

8. Mental EmofioTis. — It has long been known that diabetes 
sometimes follows, and appears to be caused by, mental emotions, 
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such OS fright, anxiety, mental worry, etc. These antecedents 
will be discussed later, in the section on the Relation of Diabetes 
to Affections of the Nervous System, p. 122. 

9. Obesity. — It is well known that diabetes frequently occurs 
in the obese. Frerichs states that one-seventh of diabetica sufler 
from obesity (59 in 400). Women at the climacteric period, 
especially when they are stout, are liable to suffer from diabetes 
(Frerichs). In hospital practice, obesity is rarely connected 
with diabetes, but the association is much more common in 
private practice. Seegen points out that often obesity is present 
first ; and generally diabetes does not develop for years after 
the obesity has become marked. In these eases the development 
of diabetes is slow ; the disease generally commences between 
the age of 40 and 60, and it is almost always of a mild 
form ; sugar usually disappears from the urine after a rigid diet, 
and the prognosis is favourable. But in another group of easea 
obesity occurs in young individuals, at an age when obesity 
is rare; it develops rapidly and to a marked extent, and then 
symptoms of diabetes in its severe form appear. In many of 
these oases there is a predisposition to diabetes in consequence 
of heredity or brain affection. In cases of the first group, 
obesity predisposes to diabetes. In cases of the second group, 
there seems to be a more intimate connection, and the obesity 
appears to be a forerunner of the diabetes, but the exact relation 
has not been determined (Seegen -*). 

The following case is an example of the hitter variety : — 
Mary A. L., tet 29, in-patient nt the Manchester Koyal Infirmary 
(under the cfire of Dr. Leech). As e. girl she was exceedingly fat, and 
was known in the country district where she lived as "fat Polly." She 
had influenza two years before admission to the hospital, and states that 
she has " never been well since." Ton months before coming under 
observation she begun to suffer from thirst and diuresis. She hus lost 
flesh and become wenk. Weight previous to onset of diabetes, 200 lb. 
Present weight, 15th October 1893, 107^ lb. She is suffering from a 
severe form of diabetes. Urine 1058, large quantity of sugar preaentj 
marked reaction with pcrchloride of iron. 

1 0. Gout. — Diabetes and gout are frequently associated. Grube 
(*'), of Neueuahr, found that sixteen out of 177 diabetic patients 
suffered from gout, and twenty-three had gouty parents. But 
it is to be remembered that treatment by the Neueuahr mineral 
waters is especially recommended for the mUd forms of diabetes 



Tio ETIOLOGY AND ETIOLOGICAL RELATIONS. 



occurring in gouty patientB, iind this fact probably nccoiintB, in 
piirt, for the frequency of the association of gout and diabetes 
in GruVie's cases. In the dialjetic cases at the Manchester 
Royal Infirmary (mostly poor patients sufi'eriiig from a severe 
form of tlie disease), there is very seldom any association of the 
two affections. 

V. Noorden ("") points out that gout and diabetes may be 
associated in three ways — 

(1) Patients wlio are gouty in middle life may siifi'er from 
glycosuria at a later period. 

(2) Gout and glycosuria may alternate. 

(3) Gout and glycosuria may be present together. 

In the cases in which the two diseases are associated, the 
diabetes is usually of a mild form, the general condition is 
good, and the prognosis is favourable. But if diabetes is present 
first, and gouty symptoms develop later, the prognosis is more 
unfavourable 

11. Alcolioltsm. — It has already been pointed out that in 
great beer drinkers alimentary glycosuria can often be produced 
more readily (i.e. with a BinaUer amount of glucose) than in 
healthy persons. In Manchester a history of alcoholism is not 
infrequently obtained from diabetic patients. In 100 consecut- 
ive cases of diabetes mellitua I obtained a history of very great 
alcoholic excess in seventeen, All of the seventeen patiente 
were males, and the form of alcohol was generally English beer, 
of which enormous quantities had been taken daily for long 
periods. 

Striimpell (") points out that he has frequently met with 
diabetes in persons who have been great beer drinkers. Often 
these were cases of " diabetes with obesity," Jrequenlly they 
were mild forms of the disease, but sometimes severe forms, 
complicated with gangrene and tuberculosis of the lungs, and 
often they have been complicated with other results of 
alcoholism — alcoholic neuritis, chronic nephritis, etc. Strongly 
in favour of the view of a " beer diabetes " are the results of 
Striimpell's observations on alimentary glycosuria in great beer 
drinkers. No sharp line can be drawn between alimentary 
glycosuria and diabetes. At first, as a result of excessive beer 
drinking, the sugar destroying function of the system is weakened, 
aud alimentary glycosuria occurs ; later, the sugar destroying 
function is lost, and permanent diabetes follows. 
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Striimpell believes that it is exceBaive beer drinking, rather 1 
tlmn simple alcoholism, which is the cause of certain cases of 1 
diabetes. 

12. Inflimua. — During the last six years influenza appears to | 
have been the exciting cause ia is. considerable number of ci 
of diabetes. But when we consider how many persons have I 
suffered from influenza during the recent epidemics, how very I 
seldom diabetes has followed, and how rarely diabetes can be 
traced to a previous attack of influenza, it is quite evident that I 
there is always some other factor in the causation of the disease. 
Nevertheless, in a few cases, an attack of influenza does appear to 
have had some influence as an exciting cause. 

In 100 cases of diabetes, in which I have taken careful 
notes on the previous history. I find that in six influenza appears 
to have played some part as an exciting cause. 

In two of these cases the symptoms of diabetes first appeared 
whilst the patient was suffering from an attack of influenza, and 
continued from that date. In two the diabetic symptoms first 
appeared a few days after an attack of influenza. In two cases 
there weis a considerable interval of time between the attack of 
influenza and the onset of diabetic symptoms; but in both cases 
the patients declared that they " were never well after the 
influenza " ; the influenza attacks were followed by a low state of 
health, and finally diabetes developed. In one case a patient had 
suffered from diabetes, but the symptoms had subsided ; an 
attack of influenza was followed, however, by a return of the 
diabetic symptoms, which persisted. 

13. Acute infectious diseases. — Symptoms of diabetes are 
sometimes first noticed soon after an attack of one of the specific 
fevers, such as typhoid fever, scarlet fever, cholera, diphtheria, 
etc. ; and occasionally diabetes follows an acute illness such as 
acute rheumatism, acute tonsillitis. I have met with one 
instance in which the diabetic symptoms first appeared when the 
patient was recovering from an attack of pleurisy; in another 
cose they first appeared as the patient was recovering from an 
attack of pneumonia. 

Probably, in some instances, the association of the two 
diseases is accidental. Certainly there must be some other 
factor in the causation besides the previous febrile affection ; 
though it is very probable that an acute illness may act 
occasionally as an exciting cause. We know that in acute 
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diseiiBes secondary changes often occur in the heart, lungs, kidneys, 
and other orguns, and it ia possible that occasionally the pancreas 
may be affected and diabetes produced. 

14. Exposure to cold and tcet. — Occasionally diabetic 
Byraptoms have been attributed by the patient to exposure to 
cold and wet. Sometimes diabetic symptoms have first been 
noticed when the patient has been suffering from, or just 
recovering from, an attack of nasal catarrh and bronchitis. 

In three cases out of 100 in Manchester, the diabetic 
symptoms first developed whilst the patients were sufiering from 
a severe cold. 

15. Drinkiiiff of cold fiuids. — A number of oases are on 
record, in which apparently healthy persons have developed 
diabetic symptoms directly after drinking lai^ quantities of 
cold fluid, or after taking ices, when the body lias been very hot 
and covered with perspiration. 

In one instance which I have met with, the symptoms were 
first noticed after drinking a large quantity of cold water one 
very hot summer's day. Dijibetic symptoms were definitely 
stated to have been absent previously. In two cases the thirst 
was said to have commenced suddenly whilst the jiatients were 
drinking beer. Peiper(^) reports the case of a person who, 
whilst very hot at a ball, drank a very large quantity of cold 
water, and immediately diabetic symptoms developed. 

1 6. Malaria. — The relation between malaria and diabetes is 
disputed. Some authors regard malaria as an occasional exciting 
cause of diabetes, but by others this relationship is denied. 
Cantani (*") is not inclined to attach any importance to malaria 
as a cause of diabetes, except perhaps in so far as it increases 
the vulnerability of the organism generally, and diminishes its 
resisting power. In 218 of his cases, only thirteen had suffered 
from malaria — a percentage which is veiy small considering the 
frequency of malaria in Italy. 

17. Li^httiiiUf stroke. — H er man ides (*') reports a case in 
which a man, after being struck by lightning, sufl'ered from 
severe headache. One year later diabetes developed, and two 
years later hemianopsia was detected. The disease terminated 
fatally. Post-mortem examination showed that the dura mater 
over the hemispheres was nmrkedly thickened in many places, and 
adherent to the pia. The latter was turbid and adherent to the 
brain cortex, most markedly in the region of the right parietal lobe. 
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ly. Syphilis. — Several c-aaea have been recnrded, by OrdC") 
and others, iu which glycosuria haa been found in patienLa 
presenting the ordinaiy geueml symptoms of constitutional 
syphilis. A few cstses are also on record, in which true diabetes 
haa been met with iu syphilitic patienta, and has very probably 
been due to a syphilitic lesion. 

Feinberg C) has reported tliree cnsea of diabetes, and one oE 
glycosuria, which were apparently of syphilitic origin. In all of 
these cases there were signs of syphilitic affection of the nervous 
syBtem, and under anti-syphilitic treatment recovery occurred iu 
one of the cases of diabetes, great improvement in the other 
two, but in the case of glycosuria no definite improvement 
followed. It is quite possible that ayphilia may cause diabetes 
by producing a specific lesion of the brain, especially of the 
medulla. Syphilitic arterial disease, with secondary nervous 
lesions in the region of the fourth ventricle, or a gumma in this 
part, would be capable of producing diabetes. Also it is possible 
that syphilis may give rise to diabetes by causing disease of the 
blood vessels of the pancreas and secondary disease of the gland 
tissue. 

Though syphilis may be an occiisional cause of diabetes, 
there can be no doubt that such cases are exceedingly rare. In 
100 cases of diabetes I obtained a history or indications of 
previous syphilis in six only, and in these cases there was no 
Jeasoa to regard syphilis as the cause — probably in all of the sbc 

3 the association with syphilis was accidental. 

19. Food. — It has already been pointed out, that if a very 
large quantity of saccharine material be taken by a healthy 
pei-aon, a trace of sugar appears in the urine for a short time. 
But glycosuria cannot be produced by amylaceous food, however 
great the quantity taken. Diabetes has often been attributed to 
the excessive use of saccharine or amylaceoua food. I have never 
met with any case, however, in which I could satisfy myself that 

tere was any reason for attributing the disease to excess of 
rbohydrate food, or to a special form of diet. 
Cantani(^') tboui,'ht that the excessive consumption of fari- 
ceous and saccharine food predisposes to diabetes. Amongst 
hifl Italian patients he seldom met with a diabetic who had not 
taken excess of these articles of food. In the lilO cases which 
i under his observation, generally the patient's diet had con- 
ted chiefly of farinaceous and saccharine food, and but littlo 
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albumin. Many of his wealthy patients had eaten flesh meat 
only once or twice a week, his poor patients only once or twice 
a year. 

In Thiiringen diabetes is more frequent than in other parts 
of Germany, and Cantani points out that the people of that 
district live chiefly on farinaceous food. 

In Ceylon, where diabetes is so common, a large quantity of 
saccharine food is taken. But the Chinese rarely suffer from 
diabetes, and yet their diet consists chiefly of farinaceous food. 

20. Diabetes anil pregnancy. — It has been pointed out on 
p. 88 that during the puerperal state lactose is present in the 
urine. Apart from this condition of physiological lactosuria, 
there appears to be occasionally some connection between preg- 
nancy and the onset of true diabetes. Matthews Duncan (**) has 
studied this association, and has collected twenty-two cases from 
his own practice, and from medical literature. He draws the 
following conclusions with respect to the connection between 
diabetes and pregnancy :— 

(1) Diabetes may come on during pregnancy. 

(2) Diabetes may occur only during pregnancy, being absent 
at other times. 

(3) Diabetes may cease with the termination of pregnancy, 
recurring some time afterwards. 

(4) Diabetes may come on soon after parturition. 

(5) Diabetes may not return in a pregnancy occurring after 
its cure. 

(G) IVegnancy may occur during diabetes. 

(7) Pregnancy and parturition may be, apparently, unaffected 
in its healthy progress by diabetes. 

(8) Pregnancy is very liable to be interrupted in its course, 
and probably always by the death of the fa^us. 

Amongst the cases of diabetes which have come under my 
observation, the following have been associated with the puer- 
peral state: — The symptoms first developed in one case just 
after confinement ; in another case after a miscarriage, the fifth 
which had occurred ; in another case after a fourth miscarriage ; 
in another case the patient had had a miscarriage, after which 
she had never been well, and soon symptoms of diabetes 
developed. In three cases the diabetic symptoms developed 
directly after the patient had sufl'ered from an abscess of the 
breast. In one case the child would not suckle, and three 
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months laler diabetic symptoms appeared. It is possible that 
ill aoQie of these cases, pregnancy, the puerperal state, or the 
condition of the breast, may have been exciting causes of the 
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2 1. ClUnaeteric diabeies. — It has been thought by some writeis 
that the climacteric period favours the occurrence of diabetes in 
jromeu. 

■ Tait(**) believes that there is a climacteric glycosuria which 
Rids in recovery. 

Imlach (**) reports an interesting and apparently well-marked 
case of diabetes in which pyosalpinx was present. Eemoval of 
the diseased uterine appendages was followed by disappearance 
1^ the diabetic symptoms, which did not return, even when 
linary diet was taken. 

2. Sexual cj-Mss. — Occasionally the diabetic symptoms first 
ippear in previously healthy men not long after marriage, and the 
question of the part played by sexual excess as an exciting cause 
has been sometimes raised by the patients. It has not yet been 
clearly shown, however, that sexual excess acts as an exciting 



21. Ox THE Kelation" uetweex Diabetes Mellitus and 
Diabetes Insipidus. 

Experiments on animals have shown that there is a close 
relation between polyuria, and polyuria with glycosuria. Clinic- 
ally, also, there appears to be a close relation between diabetes 
mellituB and diabetes insipidus in a few rare cases. With regard 
to the etiology, it is well known that both forms of diabetes are 
often connected with altered conditions of the nervous system. 
Gross lesions are only found iu a few cases, but there are fre- 
quently ittdicAttous of some minute or functional changes in the 
nervous system in each affection. Also diabetes mellitus and 
diabetes insipidus occasionally occur in near blood relatives. 
Senator^) has recorded a case of diabetes insipidus occurring 
in a [jsrson whose mother died of diabetes mellitus. Another 
indication of the relationship of the two diseases is the occa- 
sional transition of one disease into the other, or the alternation 
of the dieeases iu the same patient. The transition of dial 
mellitus into diabetes insipidus is the more common. This is 
a favourable change, and sometimes complete recovery finally 
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occurs. Senator has recorded two cases of diabetes mellitus in 
which the sugar disappeared and was replaced by albumin ; then 
the albuminuria disappeared, and polyuria remained. Finally, 
the patients recovered completely. He also reports a case of 
diabetes insipidus in which glycosuria occurred ; the patient 
became wasted, and the disease terminated fatally. West- 
phal(^) has recorded the alternation of diabetes mellitus and 
diabetes insipidus in the same patient. 

All these facts indicate that occasionally the two diseases 
are closely related. 

C, llELATION BETWEEN DIABETES MeLUTUS AND DISEASES 

OF THE Liver. 

From the results of physiological experiments, one would 
expect that there would be some clear relationship between 
diabetes and pathological changes in the liver. If the function 
of the liver be to prevent sugar entering the general circulation, 
as Pavy believes, then one would expect that in serious hepatic 
diseases this function would not be performed, and that diabetes 
would follow. But from clinical experience and pathology we 
know that extensive destruction of the liver parenchyma may 
occur, in cases of cancer and cirrhosis of that organ, in phos- 
phorus poisoning and otlier diseases, without any sugar appearing 
in the urine. Glycosuria is very rare, even in advanced diseases 
of the liver. Frerichs lias recorded a Ciise of cirrhosis of the 
liver, in which subsequent i)ost-niortem examination showed that 
there was almost complete degeneration of the liver parenchyma, 
yet no glycosuria occurred, even after a large quantity of sugar 
had been taken by the mouth. Again, in nineteen cases of 
phosphorus poisoning, large quantities of sugar (200 grms.) were 
given by Frerichs, but in seventeen of the cases no glycosuria 
was produced ; in two cases only did a small quantity of sugar 
appear in the urine. Frerichs also found that there was no 
sugar or glycogen in the liver in phosphorus poisoning when 
fatty degeneration of that organ had occurred. 

No definite or constant pathological change is met with in 
the liver in diabetes, though this organ is sometimes diseased. 
In the cases which have come under my observation patho- 
logically, apart from hypertrophy, there have been generally 
no definite naked eye changes in the liver. In a few cases, 
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Iiowever, changes were present. In one case there was cirrhosie 
with fiitty infiltration, and the liver was much enlarged; 
Lilt during life the diabetic symptoms were only slight. In 
another case cirrhosis was present, but the patient had been a 
great beer drinker. In one ease viifUiple abscesses of the liver and 
recent purulent cerebro-spinal meningitis were found postmortem. 
The following are the notes of the case: — 

J. E. came untler my p^re on 28th September 1890. History 
of an attack of vertigo and vomitinf; in February 1890. Five weeks 
later he l>egan to bo troubled with thirst and polyuria. He had been 
unemployed for eleven months, lind lost a large sum of money, and been 
subject to great mental anxiety before the onset of diubetes. He had 
obtained employment, however, at a bleaching works about one month 
before lie first noticed diabetic symptoms. A brother died of diabetes. 

When first seen the patient was considerably wasted. He suiTered 
from thirst and polyuria. Urine 1032, acid : contained 5'17 per cent of 
sugar; no albumin. Knee-jerks absent. Commencing cataract in each 
eye. Bowels regular. Heart, lungs, liver, and spleen normal. Four 
months Inter the amount of sugar varied from 2500 to 4800 gif. daily, 
•nd the amount of urine from 90 to 130 oz. From 2lBt Jaauary 1891 
until 24th February the temiwrattire was normal At the latter date the 
evening temperature was 102° F. 

26/A Jetraary.— Patient complained of imio in the epigastrium. 
Urine coDtained for the lirst time a trace of albumin, and also gave for 
the first time a dark reddish-brown coloration with FcoClj. Dowels 
constipated. For the npxt three days the evening temperature was 
between 102° and 102-8°; then for four days the evening temjwrature 
was between 99" and 100°. 

nil Alareli. — Evening temperature 102°; pulse 96; respirations 25, 

WA Mareh. — Morning temperature 99'6' ; evening 103-2'. 

6/A March. — Morning temperature 101 '2°; evening 100'3'. Patient 
mplained of pain in the right hypochondriac region. Kdge of liver 
felt about one indi and a half below the ribs. No jaundice ; no rigors. 
Patient became very restless and semi-conscious, but he could be roused 
to answer que^titins. Knee-jerks absent ; calf muscles tender ; no 
paralysis; no ancesthesia. Death at 2 a.m. on Tth March. Shortly 
Iwfore death the pulse was 234; respirations 72. No discharge from 
ears or symptoms of suppurative otitis media during the patient's illness. 

NerrojiBij (abstract). — Peritonemii, pericardium, heart and aorta nor- 
mal. Lungs : adhesions at right &\iex ; small patch of broncho- pneumonia 
in left lower lobe and another at right apex. Left apes puckered ; 
^^Qutaineil several small ea!careou)< nodule'^ nnd cicatrices. The kidneys 
^fcere enlarged, each WRJghed 11 m. Suprnrenals: medulla deeply con- 
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gest«d ; two small yellowisli nudnles, eaL'li iibout the size of a pea, in 
the medulla of the right suprarenal. Spleen slightly enlarged, very 
soft, almost aemifluid, congested ; weight 1 1 o-. Pancreas : wi-igLt "2^ 
oi., somewhat small, firm to the touch. Liver: weight 5 lb,, cajisule 
normal ; on the under surface of the right lobe a few email irregular 
yellowish patches, each about tlie size of n pea. On section, scatterwl 
throughout the right lobe irregularly, but most numerous in the outer 
half of the lobe, were a niimber of small points of suppuration, varying • 
in size from n pea to n marble. About the middle of the outer half 
of the right lobe the points of suppuration were clustered together so 
as to form a, large, irregularly -shaped abscess, about 4 in. in the trans- 
verse and 2-3 in. in vertical diameter. The pus could be easily wusheil 
away from the points of suppuration, leaving cavities bounded by a dis- 
tinct limiting wall, In only a few places was there any zone of con- 
gestion around the abscesses. The pus was of a greyish- ye How colour. 
Under the microscope, pas cells and a few Bcattered granules of bile 
pigment were seen. The gall bladder contained a small amount of pale 
orange-coloured bile. The mucous membrane was congested, but uo 
ulceration could be detected. There was no obstruction of the ej-stic 
duct, common bile duct, or hepatic duct. A nimiber of the large bUe 
ducts were traced into the liver subatnnce with a probe and slit open, 
but no obstruction was met with ; the ducts were not dilate'!. They 
did nut contain any pus. Xo thrombosis in the portal vein, nor in any 
of its larger branches. Stomach : no ulceration. Rectum ; no ulceration, 
nor any other abnormality detected. Bladder contained a large amount 
of urine. Prostate normal. Spinal dura mater normal to the naked 
eye. Anterior surface of tlie spinal cord and arachnoid normal. Arach- 
noid of posterior surface of a yellowish turbid appearance in the dorsal 
region. Only slight turbidity in the cervical and lumbar regions. Vessels 
on the posterior aspect of the cord much distended. Only slightly dis- 
tendeil on tlie anterior aspect. On section, the cord presented a normal 
appearance. 

Skull cap, dura mater, and blood sinuses normal. 

Brain. — Membranes of each cortex presented a turbid, yellowish-white 
appearance. Distinct suppuration along the course of the large vessels, 
and at the sulci of the convolutions. At the anterior end of the firet 
left frontal convolution was a hiemorrhage about the size of a halfpenny. 
It was irregular in shape, situated between the arachnoid and the cortex, 
and passed down between the convolutions, but did not enter the brain 
substance. The membranes at the upper surface of the cerebellum pre- 
ited the same appearance as those of tlie cortex cerebri. Membranes 
of the base of the brain, pons, and under surface of cerebellum of n<]rmal 
appearance. The lateral ventricles contained a small amount of turbid 
fluid. In the posterior horn of the left lateral ventricle was a small 
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amount of pus. Vessels of velum interpositum and choroidal plexuses 
much distended. In the fourth ventricle nothing abnormal detected. 

On section, basal ganglia, pons, medulla, and cerebellum normal to 
the naked eye. 

Microscopical examination of the medulla and cord reveal purulent 
meningitis, but no other changes. Microscopically the pancreas was 
normal. 

Patholofjical diagnosis, — Diabetes mellitus ; multiple abscesses in the 
liver, spinal and cerebral meningitis. 

It is difficult to say what was the relation of the liver 
abscesses to the diabetes. A similar case is published by 
Frerichs (^®), and two are mentioned by Saundby (*®). 

Condition of the liver in a series of consecutive cases of diabetes 
mellitus, — In discussing the relation of diabetes to liver diseases, 
it will be well to consider next the conditions of this organ in a 
series of consecutive cases. Taking for this purpose the records 
of the Pathological Institute of Vienna, we meet with the follow- 
ing results in 122 cases of diabetes (recorded by Seegen). 

During the professorship of Eokitansky thirty cases were 
examined : — 

In 15 the liver was enlarged, firm, and hypercemic. 
„ 2 ,, small and anaemic. 

„ 1 medullary cancer of the liver was present. 
„ 1 tuberculosis „ „ 

During the professorship of Kundrat ninety-two cases were 
examined : — 

In 9 the liver was fatty. 

„ 7 parenchymatous degeneration was present. 

„ 8 there was fatty infiltration of the liver. 

„ 4 the liver was atrophic. 

„ 4 ,, cirrhotic. 

„ 5 ,, congested. 

„ 2 tuberculosis of the liver was present. 

„ 1 gall stones were present. 

„ 1 a fistida was present between the gall bladder and colon. 

In the last twenty cases of diabetes in which I have seen 
or made the autopsy, the condition of the liver has been as 
follows : — 

Liver enlarged in .... 11 cases. 
Normal in size in . . . . 5 „ 
Diminished in size in . . . 4 ,, 



1 20 ETIOLOG Y AND ETIOLOGICAL RELATIONS. 

In 1 case multiple abscesses were present 
„ there was marked alcoholic cirrhosis. 
„ „ cirrhosis and fatty infiltration. 

„ the liver was congested and fatty. 

In the rest, beyond variation in size, the only other change 
detected was congestion, which was often present. 

From the above lists it will be seen that no constant macro- 
scopic pathological changes are met with in the liver in diabetes. 
Also, microscopically, no definite or constant change has been 
detected. 

The most common abnormalities, as shown by the results 
given above, are enlargement, hypenemia, fatty infiltration and 
degeneration, and cirrhosis. Eecently attention has been drawn 
by a number of authors to the association of a peculiar, rare 
form of diabetes, — so-called " bronzed diabetes," — with pigment- 
ary hypertrophic cirrhosis of the liver (this variety is described 
on p. 308). Excluding the last pathological condition, it may be 
pointed out that the above mentioned changes are very often 
found unassociated with diabetes mellitus, and that none of 
them are sufficiently constant to be regarded as playing any 
part in the causation of the disease. 

Glunard (*^) states that he has found changes in the liver during 
life, by examination of the abdomen, in 60 per cent, of diabetic 
patients; in 34*5 per cent, hypertrophy was present. But it is 
well to remember that he practises at Vichy, which is visited by 
a larrro number of gouty and obese diabetic patients. 

It has been pointed out on p. 110 that in some cases of 
diabetes there is a history of marked alcoholism, and that it 
ap])(^ars i)r()bable that occasionally alcoholism plays a part as an 
excitin*.' cause. Triboulet O regards diabetes in these cases 
as the result of a liver affection — a pre-cirrhotic change. 

aiiiroijcn in tlu liver of diabetic jiatients. — By means of a fine 
trocar. Ehrlich {*^) removed a few liver cells, during life, from 
an alcoholic patient, four and a half to five and a half hours 
after a meal ricli in amylaceous substances. Microscopically, 
trlycogen was found in the cells in considerable quantity. In a 
case of diabetes, the liver cells, removed in the same way. were 
almost free from glycogen; only in a few isolated cells was 
<dyciMren found: but in another case of diabetes glycogen was 
present in the cells in considerable quantity. 

Kulz(^0 estimated the amount of glycogen in the liver of 
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a diabetic patient, who haJ been rcBlricted to a meat diet for a 
long time. The patient had taken his last meal thirty-four 
hours before death, and the autopsy was made twelve Itours 
after death. He found that the total amount of glycogen 
present was 10 to 15 grms. The liver also contained a Ini^ 
quantity of sugar, which had been transformed from the glycf^en. 
Hence the amount of glycogen during life must have been very 
considerable. v. Mering (**) found sugar and glyct^n in 
abundance in the liver of two diabetic patients who died 
suddenly. In two othei- cases, in which sugar had disappeared 
from the urine eighteen and twenty hours respectively before 
death, neither glycogen nor sugar was found in the Hver. 

Whatever conclusions we might be inclined to draw from 

physiological experiments, with respect to the relation of the 

glycogenic or other functions of the liver to diabetes in man, it 

■ 'ie clear, from a consideration of the above facts, that at present 

•al awiiomy alone does not furnish atiy clear evidence 

at diabetes is related to hepatic changes. 

S. Thk Relation bktwkkn Diabetes Mellitus akd 
Affsctioss of the Kkbvous System. 

It ia well known that diabetes sometimes immediately 
illows, and appears to be caused by, severe mental anxiety or 
Kk. Long ago, Thomas Willis attributed the disease to " sad- 
1 or long sorrow"; Prout attributed it, among other causes, 
) mental anxiety oi- distress; and in medical literature many 
i have been recorded which afibrd the strongest evidence of 
mportance of mental shock, anxiety, etc., in the causation 
( the disease. Seegen, Pavy, Frerichs, and Dickinson all regard 
changes in the nervous system as the most important factor in 
the causation of diabetes. Indications of gross lesion of the 
nervous system (brain or spinal cord) are comparatively mre; 
but numerous aises are on record in which the disease appears 
to have been due to some change in the nervous system, though 
it may not be referable to any definite anatomical lesion. The 
fact that diabetes and glycosuria can be produced experimentally 
by injuries to the nervous system — floor of the fourth ventricle 
and other parts — is also of great importance. Tlien again, it 
^m interesting to note that diabetes sometimes appears quite 
^fcddenly, the patient being able to give the exact hour at which 
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the symptoms commenced (see p. 164) ; this sudden onset is very 
suggestive of a lesion of the nervous system. 

Diabetes following mental disturbances. — Numerous cases have 
been recorded in which diabetes has followed fright, anger, or 
depressing mental emotions, mental over-strain, mental anxiety 
or worry owing to loss of money, loss of employment, etc., 
mental anxiety and overwork associated with the nursing of a 
sick relative, etc. 

In 100 cases of diabetes (mostly patients at the Manchester 
Royal Infirmary), a careful inquiry into the history revealed the 
following facts with regard to mental disturbances : — 

In eight cases the disease followed the mental anxiety, over- 
work, and loss of rest, etc., connected with the nursing of a sick 
relative — generally husband or wife — during a long and fatal 
illness. 

In four cases the diabetic symptoms followed great mental 
worry and anxiety in connection with loss of money. 

In two cases the disease followed mental anxiety from other 
causes. 

In one case diabetes followed mental anxiety and worry 
connected with loss of employment for a long period. 

In another case the disease followed great mental strain and 
overwork in connection with the preparation for the final B.A. 
examination of the London University. The patient, who had 
failed at the examination previously, decided to devote almost 
the whole of his time to reading (except that required for eating 
and sleeping). This he did for some months, until diabetes of 
a severe form developed. 

In two cases the disease was attributed to fright. 

The following are brief notes of one of these cases : — 

Ellen B., aet. 20 (under the care of Dr. Steell at the 
Manchester Eoval Infirmary), enjoyed good health until January 
1892, when she suffered severely from mental anxiety and 
fright. She was left in charge of her sister's baby, but in order 
to attend, for a few minutes, to some household work, she placed 
the baby on the table, and went a few yards away. The child 
fell off the table, the head came in contact with the ground, 
and a scalp wound was produced. The patient was greatly 
frightened ; at the time she feared the skull was fractured, and 
was in the greatest state of anxiety. A medical man was sent 
for at once, and stated that the patient Ellen B. was suffering 
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much more — owing to the mental shock — than the baby. In 
a short time the child recovered completely, but the mental 
distress and anxiety from which Ellen B. suffered were so great 
that she was ncxer able to do her iistial work again. Prior to the 
fright she had been in good health, and had followed her employ- 
ment (that of a dressmaker) regularly. For many days after the 
accident she remained in a nervous and excited condition, and 
was never able to follow her employment again. Thirst and 
diuresis were noted four weeks after the fright. The urine was 
examined, and diabetes diagnosed. A severe form of the disease 
developed, and termhiated fatally in about seventeen months. 
(For further notes, see p. 134.) 

In eighteen out of 100 cases analysed, it appeared probable 
that mental disturbances played some part as an exciting cause, 
though no doubt there was generally some additional etiological 
factor. 

Dickinson (^®) reports a case similar to that of Ellen B. " A 
child fell from a third-floor window, and was smashed upon the 
pavement, to all appearance, hopelessly. But the accident was 
more fatal to its mother than itself. The child survived. The 
mother, who was abruptly made aware of the accident, never 
recovered from the shock. For three weeks she, to use her own 
words, could neither eat nor sleep. Within two months she 
became much emaciated, was consumed with thirst, and was 
passing water in great quantities, which incrusted upon and 
stiffened any garment it touched. She died of diabetes within 
ten months of the occurrence upon which it had succeeded." 

Garrod (^^) relates the followijig case : — " Two gentlemen 
fought a duel in Holland ; after the first had fired he remained 
for some time in a state of suspense, from his adversary's pistol 
once or twice missing fire. He was uninjured, but, a day or so 
after, became diabetic." 

Seegen (^^) mentions the following cases : — Baron K., an 
officer, aet. 22, was present at a duel. One of the combatants, a 
friend of the patient, was killed on the spot. From that day 
Baron K., who had previously been a cheerful young man, 
became markedly unwell and depressed ; he soon began to lose 
flesh ; two months later it was found that he was suffering from 
diabetes of a severe form. 

Seegen refers to another case, in which a previously healthy 
man received a violent mental shock; next day marked thirst 
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and diuresis commenced, and all the symptoms of diabetes 
followed. 

In another case the symptoms followed a railway accident 
Though the patient was uninjured, he was greatly agitated, and 
trembled for twenty-four hours. A few minutes after the acci- 
dent he became very thirsty, and these symptoms continued 
for some weeks. He consulted a medical man, and a large 
amount of sugar was found in the urine. 

Dickinson also cites the following case, communicated by 
Dr. Herman Weber : — A. C, a merchant, was for two months, in 
1857, under constant excessive anxiety on account of business 
troubles. After many sleepless nights he became delirious, or 
rather insane, — for there was no pyrexia, — and almost suddenly 
began to pass urine very frequently and in large quantities. It 
was found to contain abundance of sugar. The daily quantity 
of urine varied from 7 to 9 pints, and the specific gravity from 
1036 to 1044. His business passed safely through the crisis. 
Within three weeks the urine w^as free from sugar, and remained 
so, as ascertained by several annual examinations, until the year 
1866. Daring the mercantile crisis of that year, A. C. again 
became restless, sleepless, and diabetic. After the crisis he 
again recovered completely, and remained well, with perhaps a 
single oxcei)tion, up to 1870. At the outbreak of the Franco- 
Prussian war in this year, he became much excited, and died of 
apoplexy. 

Pavy (^^) relates the case of a gentleman who became diabetic 
under the iniluence of mental excitement, and ceased to be so 
when retirement from town and professional duties had enabled 
his mind to recover its equipoise. 

Purdy ('**) reports a fatal case due to over-anxiety in con- 
ducting extensive transactions on the produce exchange. The 
patient accumulated a large fortune at the expense of contract- 
ing diabetes, which proved fatal in less than twelve months. 
He also reports another case brought on by business worry ; 
recovery occurred after a complete rest. 

Frerichs (^^) mentions a case in which the symptoms followed 
great loss of money. By removal from business excitement, 
and under treatment with opium, every trace of sugar disap- 
peared in three weeks. Several months later, after a second 
business loss, diabetes again developed. In course of time the 
patient improved, but a third business misfortune caused the 
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disease to return. He also mentions the case of a man who 
became diabetic immediately after discovering that his wife had 
been unfaithful. 

Eoberts (^^) states that in one of his patients the disease 
followed distress of mind, caused by an unjust suspicion of 
theft ; in another, it followed the anxiety occasioned by the 
burning down of the patient's place of business ; in a third, it 
was attributed to anxiety attendant on a Chancery suit. 

Kayer (^^) mentions a case of diabetes coming on after a 
violent lit of anger. 

Diabetes and pathological changes in the nenons system. — 
Though there are so many points in favour of the connection 
of diabetes with some changes in the nervous system, it must be 
confessed that in a large number of cases pathological examination 
does not reveal any marked or definite abnormality in the brain 
or spinal cord. In a small portion of cases, however, changes 
have been met with, which are of great interest. 

In discussing the relation of diabetes to pathological changes 
in the nervous system, it will be well to consider — (a) the 
condition of the brain in a series of consecutive cases of diabetes, 
and (6) the more important pathological changes which have 
been met with in the brain. 

(a) Condition of the nervovs system in a series of consecutive 
cases of diabetes mellitus. — Seegcn (^®) records the condition of the 
brain in 122 cases of diabetes mellitus, in which a post-mortem 
examination was made in the pathological department of the 
AUgemeine Krankenhaus, Vienna. Thirty examinations were 
made during the time Eokitansky was professor, and ninety- 
two during Kundrat's professorship. 

In Eokitansky's thirty cases no changes of any importance 
were found. Cerebral oedema was present in three cases, oedema 
of the brain and chronic hydrocephalus in one case ; in one case 
in which there was general tuberculosis, tubercular meningitis 
was present. 

In fifty-four of Kundrat's ninety-two cases the brain was not 
quite normal. The following were the changes recorded : — 

Slight General Changes, 

Cases. 

Anaemia ......... 5 

Marked hyperaemia ....... 8 

CEdema of meninges 4 
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Cases. 
(Ivloinii of the brain . . . . . . .10 

„ of the brail 1 and meninges .... 8 

Atrophy of the brain (one case with hydrocephalus) 8 

More Localised Lesions, 

Dilatation of the fourth ventricle with cerebral hypenemia 3 

l\)st<»rior horns of ventricle closed by a cicatrix ; ependyma 
of septum granular 1 

Cer(?bral liseniorrhagcs — 

(1) Intcrnieningeal hiemorrhage over frontal and 
temporal lobes, optic chiasma, pons, and into the ven- 
tricles ; softening of gyrus fornicatus. (2) Haemorrhages 
mio the floor of fourth ventricle. (3) Ilsemorrhages 
into lenticular nucleus breaking into ventricles (lateral 
and fourth). (4) HaBmorrhage.^ into optic thalamus . 4 

Depression in the ai>ex of the frontal lobe and at the 
t<»p of the occipital lobes; cicatricial condition, with 
calcareous plates, in the arachnoid over the frontal lobes 1 

Dura mater thick, and covered with purulent exudation 
at the vertex, corresponding to a necrotic patch in the 
skull ; region of calamus scriptoiius of fourth ventricle 
much dej>ressed . ...... 1 

Cysticercus the size of a cherry in the telachoroida, at the 

inferior ami lower part of the fourth ventricle . . 1 . 

Total, 54 

111 eleven only of the 122 diabetic cases, i.c, 9 per cent, 
was there any naked-eye change of much importjiuce. In many 
of these, the significance of the changes with respect to the 
causation of the disease was vcrv doubtful. 

The spinal cord presented j^rey degeneration in the lateral 
and posterior columns in one of Kundrat's cases (how many were 
examined is not stated). 

To consider the subject from another standpoint, in 485 
cases of brain tumours-collected from literature — Bernardt (^^) 
found that sugar was present in the urine in five cases only. 
In twenty-one cases of tumour of the medulla, sugar was found 
in the urine in one Ciise only. In fifteen cases of tumour of the 
hypophysis, sugar was found in the urine twice ; in ninety cases 
of cerebellar tumour, once ; and in 124 cases of tumour of the 
cerebral hemispheres, once. 
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(6) The TTwre impoi*tant changes which have been found in 
the nervous system, — A number of cases have been recorded 
in medical literature in which well-marked and important 
changes have been met with in the nervous system, but the 
proportion of such cases, to those in which the nervous system 
presents no macroscopic or microscopic changes, is probably 
small. 

The following is a tabulated group of thirty-four cases, 
collected from medical literature, in which definite changes of 
some importance have been found in the nervous system. In 
some of these possibly the association of diabetes mellitus with 
the nervous lesions has been accidental, but in many there can 
be little doubt that the lesions played a very important part in 
the causation of the disease : — 



Tumours of the Medulla. 



1. Cystic sarcoma, right half of 
medulla. 



2. Tumour of each pyramid of the 

medulla close to the pons. 

3. Tubercle of the medulla be- 

tween the posterior border 
of the olivary body and the 
origin of the first cervical 
nerve. 



DoMPELiNG — NederL Arch, v. Gen- 
ees-en Natuurk,, Utrecht, 1868 
(quoted by Seegen, " Dcr Diar 
betes mellitus," Berlin, 1893, 
S. 208 and 425). 

Frerichs — "Ueber den Diabetes 
mellitus," Berlin, 1884, S. 202. 

De Jonge — Arch, f. Psychiaty 
Berlin, 1882, Bd. xiii. S. 663. 



Tumours in the Floor of the Fourth Ventricle. 



4. Tumour in region of choroidal 

plexus of fourth ventricle. 

5. Colloid tumour in fourth 

ventricle. 

6. Two tumours of choroidal 

plexus. 

7. Tumour in fourth ventricle at 

the calamus scriptorius ; 
glioma in floor of fourth 
ventricle. 



Recklinghausen — Virchow's 

ArchiVy Bd. xxx. 
Perroton — Th^se de Paris, 1859. 

LioNviLLE — "Verrons etudes sur 
les tumeursdu ventricle quarte," 
These de Paris, 1874. 

Reimer — Jahrb,/, Kinderh,, 1876, 
8. 306. 



1 28 ETIOLOG Y AND ETIOLOGICAL RELA TIONS. 



Other Changes in the Floor of thk Fourth Ventricle. 



8. Patch of softening, floor of 

fourth ventricle. 

9. Softening due to fatty de- 

generation, floor of fourth 
ventricle. 

10. Similar case. 

11. CysticercuB in fourth ventricle. 



1 2. Cysticercus in fourth ventricle. 



13. Disappearance of grey 8ul> 

stance and of nerve cells 
from lltH)r of fourth ventricle. 

14. Sclerosis in floor of fourth 

vontrirle. 

I 

M. Patches of disseminated 1 AVeichselbaum — Wien, mexL 



Richardson — Med. Times ami 

Gaz., London, 1866. 
LuYS — Gaz. niid. de PariSy 1860, 

No. 24, p. 384. 

LuYS — Ibid. 

Ivan, Michael — Deutsches Arch, 
f. Min. Med,y Leipzig, Bd. 
xliv. 

Case under the care of Riess 
of Berlin, mentioned by Osler, 
" Principles and Practice of 
Medicine," Edinburgh and Lon- 
don, 1895, 2nd edition, p. 
320. 

Zenker — Quoted by Weichsel- 
baum, Wien. med. Wch?i8chr,y 
1881, No. 32. 

Frerichs — Loc. cit, s. 195, 



sclerosis in the floor of the 
fourth ventricle ; multiple 
scU*rosis of cord ami brain. 



Wchnschr., 1881, No. 32. 



I 



IT). Disseminated sclerosis, with ' Edwards — Ber, de med,, Paris, 

li'sion in tlic floor of the 1886, p. 703. 

fourth vontricle. 
17. Patch of disseminated sclerosis ', Riciiaudieke — Ibid,, Paris, 1886^ 



in floor of fourth ventricle. 

18. Ccrobro - spinal meningitis; 

purulent fluM in fourth 
ventricle. 

19. Old and recent hapmorrhages 

in the floor of fourth ventricle 
and medulla. 

20. Haemorrhage, floor of fourth 

ventricle. 

21. Patch of sclerosis in floor of 

fourth ventricle, left side ; 
connective tissue rich in 
nuclei ; traversed by arteries 
with very thick walls. 



p. 623. 
pRERicns — Loc. n't.y S. 198. 



Frerichs — Loc. cif., S. 203. 



Dn^RAiT — Quoted by "Weichscl- 
baum, loc, cif,, 1881, No. 32. 

TiiiROLOix — Gar., de mfkL et chir.y 
16th April 1892. 
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Lesion about the Base of the Brain. 



22. Calcareous tumour compress- 

ing the under surface of 
pons; also abscess in posterior 
cerebral lobes. 

23. Sarcoma of the pituitary body. 

(Two similar cases, coming 
under my observation in 
^lanchester, are recorded on 
pp. 137-38.) 

24. Tumour at the base of the 

brain, limited in front by 
the anterior frontal convolu- 
tion, behind by the pons. 
Pia mater in the fourth 
ventricle thickened. 

25. Sclerosis of arteries of the base 

of the brain; old thrombus 
in the basilar artery, soften- 
ing in the pons, left crus, 
and left cerebellar cortex. 



EiCHARDSON — Med. Times and 
Gaz., London, 8th March 1862. 



Rosenthal — " Klinik der Nerven- 
krankheiten," Stuttgart, 1875. 



Grossmann — Berl.lilin. Wchmchr., 
1879, Xo. 10. 



Frerichs — Loc. cit, S. 200. 



Cerebellum. 



26. Patch of softening in nucleus 

dentatus of left cerebellar 
hemisphere. 

27. Cysticercus in cerebellum. 



Mosler — Deufsches Arch. /. klin. 
Med,y Leipzig, Bd. xv. S. 229. 

Frerichs — Loc. cit., 3. 193. 



Changes in Cerebral Hemispheres. 



28. Tumour, size of a hazel-nut, in 

the posterior part of the right 
temporal lobe. 

29. Pachymeningitis in left occi- 

pital lobe, with calcareous 
tumour the size of a pea. 



Frerichs — Loc. cit,, S. 135. 



Frerichs — Loc. cit. 



Lesions of the Spinal Cord. 

Shingleton Smith — Brit. Med. 
Journ.y London, 1883, vol. i. 
p. 657. 
31. Haemorrhage and softening in Silver and Irvine — Trans. Path. 



30. Tumour compressing the spinal 
cord in the cervical region. 



the spinal cord in the cervical 
and upper dorsal region. 

9 



Soc. Landon, voL xxix. 
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32. Atrophy of the anterior horns 
of the upper part of the cord 
and lower part of the medulla 
(from the fifth cervical nerve 
up to the pyramidal crossing). 



Frerichs — hoc. cit, S. 136. 



Vagus Nerve. 



33. Calcareous tumour, the size of 

a hazel-nut, pressing on the 
right vagus nerve. 

34. Tumour on the right vagus 

nerve, close to medulla. 



Harley — Quoted by Sir William 
Roberts, "Renal and Urinary 
Diseases,*' London, 1885, p. 279. 

Frerichs — Loc. cit, S. 91. 



Summary of Cases Tabulated. 

Tumours of the medulla oblongata 

„ floor of the fourth ventricle . 

Other changes in the floor of the fourth ventricle 
Lesions at the base of the brain 
Tumour of the pituitary body 
Lesions of cerebellum . 

cerebral hemispheres 

the spinal cord 
Tumour compressing the right vagus 



fi 



>> 



Cases. 

3 

4 

14 

3 

1 
2 

2 
3 

2 

34 



Microscopical clianffcs, — Dickinson (^) has drawn attention to 
the presence of minute excavations, chiefly around the arteries, 
in the brains of diabetic patients. The importance of these 
changes was much discussed many years ago. In some cases of 
diabetes they have not been found by other observers. Then, 
again, perivascular excavations have been sometimes found in 
other diseases, and it is now generally believed that they have 
no relation to diabetes, but are due to the eflects of hardening. 

Frerichs (^^) devoted much attention to the microscopical 
examination of the medulla in diabetes. He has described a 
marked dilatation of the fine vessels of the medulla, and this 
change he regards as the most important and constant in the 
nervous svstem in diabetes. Often the dilatation of the vessels is 
accompanied by small haemorrhages, partly old and partly recent. 
To the dilatation of the perivascular spaces and thickening of 
the ependyma, Frerichs did not attach any importance, but he 
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has drawn attention to the great dilatation of a vein found, as 
a rule, just at the outer border of the vagus nucleus. 

Apart from these vascular changes, no other constant or 
well-defined changes have been met with on microscopical exam- 
ination of the medulla. The nerve cells of the vagus and other 
nuclei have not been found to present any abnormality. 

Saundby (^'^) mentions that he has found the capillaries of 
the vagus nucleus in one case abnormally numerous and full 
of blood. In other cases examined, no changes could be detected 
in the medulla, basal ganglia, or cerebral cortex. 

The two cases above referred to, in which tumours were 
found pressing on the vagus nerve, are interesting in connection 
with the experiments of Arthaud and Butte, on the production 
of diabetes by chronic irritation of the vagus nerve (see p. 66X 

Slight changes in the posterior columns of the spinal cord 
have been found in a few cases, but they have probably been 
secondary in nature, and will be referred to under the complica- 
tion of diabetes on p. 66. 

The sympathetic nerves and ganglia. — From time to time 
changes in the abdominal sympathetic nerves and ganglia 
(chiefly in the coeliac plexus and the semilunar ganglia) have 
been described by various authors — by Klebs and Munk (^), 
Poniklo(^), Cavazzani («^), Lubrinoff (^), Saundby («^), Hale 
White O, and others («^). 

The changes have consisted chiefly of atrophy, sclerosis, or 
cell infiltration of the ganglia, of increased vascularity, and 
excess of connective tissue in the nerves; sometimes the 
ganglia have been greatly enlarged. But in other cases the 
histological examination of these nerves and ganglia has only 
yielded negative results. Then, again, marked changes, similar 
to those met with in diabetic patients, have been found in cases 
which had not presented any symptoms of diabetes during life. 

As already mentioned, the ca?liac plexus has been extirpated 
by liUstig and Peiper without producing a permanent diabetes. 

Windle(^^) has collected the results of the pathological 
examination of the sympathetic nerves and ganglia in seventeen 
cases ; in 'eight of these the results were negative. 

The relation of changes in the sympathetic nervous system 
to a number of pathological conditions has been carefully studied 
by Hale White, who has made histological examinations of the 
sympathetic ganglia in various diseases. Hale White has 
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examined the superior cervical ganglia of seven patients \rho 
died of diabetes, but no single condition was ** ever present that 
is not found, and even more marked, in many patients who have 
never had glycosuria." He has also examined the semilunar 
ganglia. Sometimes the ganglia were well developed and 
liealthy looking, and the changes found in the others were only 
such as are frequently observed when there have been no signs 
of diabetes during life. Hence he concluded that the ganglia 
in the crises he has examined showed no changes to which the 
disease could be attributed. 

Dinhctcs ami diseases of the nervous system, — In various well- 
delined diseases of the nervous system, glycosuria is occasionally 
met with, and sometimes, though very mrely, true diabetes ; but 
the latter is generally of a mild form. 

Thus diabetes has been met with occasionally, though very 
rarely, in association with disseminated sclerosis, locomotor 
ataxia ("^' "^' ^'^), chronic anterior poliomyelitis, Graves' disease, etc. 
In Graves' disease, it has been already pointed out (see p. 87) that 
alimentary glycosuria is produced more readily than in healthy 
persons. Occasionally Graves* disease is complicated with 
glycosuria; much more rarely with true diabetes. A well-marked 
t»xaniple of the latter association has recently been recorded 
by Ik'ttmann ('*). Occasionally diabetes is associated with 
symptoms pointing to a cerebral tumour or other gross cerebral 
lesion ; but in such cases the diabetes is generally of a mild 
form. 

IVrsonal ohservatioiis. — A number of cases of well-marked 
temporary glycosuria, associated with various nervous lesions, 
have come imder my observation, but only a very few cases 
of true diabetes associated with evidences of gross lesion of 
the brain. In not more than 3 per cent, of cases of diabetes 
observed in Manchester, was there any evidence of gross 
lesion of the nervous system (i.e. excluding nervous complica- 
tions due to the disease). The following are notes on an 
interesting case of diabetes associated with symptoms of gross 
lesion of the brain which came under my observation at the 
Manchester Iioyal Infirmary : — 

Marked ataxia of swlden onset ; paralysis of right inter Jial reetus : 
tremor of right arm ; onset of diabetes seven icpeJcs after coinmencemenf 
of symptoms. — J. W., (et. 48, was admitted under the care of Dr. Steell 
on 7th May 1890. Patient was quite well until 26th April 1890. 
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On the morning of that day, when going to his work, he suddenly 
became ataxic and fell to the ground. There was no loss of conscious- 
ness, no paralysis of limbs. He has been unable to walk or stand since, 
owing to ataxia. History of alcoholism; no syphilitic history. On 
admission, patient is unable to stand alone ; when well supported, he is 
able to advance a few steps, and throws forward his right leg in a jerky, 
irregular manner. Marked ataxia. No paralysis of limbs ; no rigidity ; 
knee-jerks present; no ankle-clonus. Right palpebral fij^sure smaller 
than left; apparent ptosis of right eye; paralysis of right internal 
rectus; left pupil larger than the right. Slight nystagmus; slight 
tremor of the right arm even when the limb is supported, but this is 
more marked on voluntary movement. Optic discs normal. Old 
perforation of right tympanic membrane. Temperature normal. Urine 
1015, acid, no albumin, no sugar, quantity normal. 

Vlth June, — Amount of urine increased to 92 oz. daily. 

\hih June, — Urine pale, clear, 1024, acid, contains a large amount 
of sugar. 

23r<Z June, — Great thirst, voracious appetite. In the first three 
weeks during which the diabetic symptoms were noted, the amount of 
iu*ine varied from 160 to 190 oz.; and the sugar from 3200 to 4200 grs. 
daily. The excretion of urine and sugar were both diminished by 
restricted diet. A few months later several large carbuncles developed 
on the gluteal region, but in course of time these, and the paralysis of 
the right internal rectus, the ptosis and nystagmus, disappeared. The 
diabetic symptoms, the tremor of the right hand, and the ataxia 
persisted. 

In two cases diabetes was associated with typical symptoms 
of acromegaly, and post-mortem examination revealed a tumour 
of the pituitary body. These cases will be described subsequently. 

I have only met with a few cases in which post-mortem 
examination has revealed any naked-eye lesion of the brain or 
nervous system. In fourteen cases in which I have recently had 
the opportunity of making a careful examination of the brain 
post-mortem, the results have been as follows : — 

In nine cases the medulla oblongata and other parts of the 
brain appeared normal to the naked eye. 

In five cases naked eye changes were found. 

In two of these cases a tumour (round-celled sarcoma) of 
the pituitary body was present, and during life there had been 
typical symptoms of acromegaly. In these two cases the 
medulla appeared normal. 

In one case there was well-marked cerebro-spinal meningitis. 
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and multiple abscesses in the liver, but sections of the medulla 
sh(j\ved no other change beyond the inflamed meninges (see 
p. 117). 

In another case, a cyst about the size of a small pigeon's 
egg was found in the right lateral hemisphere of the cerebellum 
on its under surface, close to the pons and anterior part of the 
medulla. Clinically, the wise had been one of severe diabetes, 
tinally complicated by phthisis. Death occurred from coma. 
During life there were no indications of brain tumour or other 
cerebral lesion. The cyst had a thin smooth wall, and the 
cerebellum wtis excavated by it. There was no indication of 
any tumour growth in connection with the cyst. During life 
the cyst would probably have pressed upon the nerves arising 
from the right side of the pons and medulla. 

In one ciise, described below, a minute hsemorrhagic patch 
could be detected by the naked eye in the left vagus nucleus 
after the medulla had been hardened in Miiller's fluid. 

Mieroscojncal examination of the medulla, — In ten cases of 
diabetes mellitus I have made a microscopical examination of 
the medulla, especially in the region of Claude Bernard's 
** diabetic centre." In all of these cases the medulla was 
hardened in Miiller's fluid and embedded in celloidin for section 
cutting. The sections were stained with aniline blue-black, 
logwood, and according to the methods of Pal or Weigert. 

In the following case distinct changes were found in the 
vagus nucleus : — 

E. 15., a»t. 20. The clinical history of this case is recorded on p. 122. 
The symptoms followod a scvero fright, which apparently was the ex- 
citing cause of the disease. 

On making a transverse section through the medulla (after 
hardening in Mullor'a fluid) at the region of auditory stria*, a small 
dark red patch like a small haemorrhage, was seen, just in the region 
of the left vagus and glosso-pharyngeal nuclei. It extended one-eighth 
of an incli above and one-eighth of an inch below the i)oint of 
section. Altogether, therefore, its antero - i>osterior extent was a 
quarter of an inch. In transverse section it appeared as a very small 
dark red i)oint. In sections examined under a low power of tlie micro- 
scope, it was seen that the haemorrhagic patch extended at some parts 
almost to tlie surface of the floor of the fourth ventricle, whilst at other 
parts it was some distance below it, and was situated near the centre 
of the left vagus nucleus. In some sections there were two hemorrhagic 
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patches in the region of the vagus nucleus. In one section there 
were a number of minute haemorrhagic patches, just around the vessels, 
in the region of the left vagus nucleus. Under a high power it was seen 
that the haemorrha^^ic patch consisted of red blood corpuscles, and the 
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Fig. 6. — HaMiiorrliagic patch (shaded) in vagus nucleus in tlie 
medulla ; case V.. B., under the care of Dr. Steell (low 
power of microscope). 

margins of the patch were well defined and regular. In fact it appeared 
as if the blood corpuscles were contained in well-defined spaces or 
capillary vessels. The patch resembled a capillary angioma situated in 
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Fig. 7. — Another section from the medulla of the same case (low 

power of microscope). 

the vagus nucleus, though distinct vessel walls could not be detected 
(see Figs. 6. 7, and 8). 

The blood vessels of both vagus nuclei were dilated and full of red 
corpuscles. The perivascular spaces were also dilated, and in many places 
in the left vagus nucleus contained red blood corpuscles. The nerve 
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cells of the vagus and other nuclei in the medulla, the nerve fibre aoA 
other Btructures, were of normal appearance. The changes in the region 
of the vaguB nucleus appeared to indicate a condition of localised i^' 




la ; ca»u G. U. (liigh 

creased vascularity, and mny in soiiio way have liecii connected with 
the causation of the disease. 

Ill a second case, J. U., the citiiieal history of which is 
rccurde<l on p. 24:j, smiill lui'nioiThngic patclies, similar to those 
in the case juBt reported, only much smaller, were found in 
the vugiis nuclei. 

In a third case, M'AI., the vessels of the vagus nuclei were 
dilated, and minute h;uniorrhi4;es, mostly perivasculur, were found 
in one vagus nucleus. In two other cases the vessels of the 
v^ns nuclei were dilated, but tio hifinorrliages were foimd. 

In four cases, sections of the medulla were norninl. In one 
case inHnniination of the meninges was discovered (case of 
eerebro-spinal meningitis, recorded on p. 117). 

Diahcti-s ami acromrr/ali/. — Diabetes has been associated with 
symptoms of acromegaly in two cases in which I have made a 
pathological examination of the brain. In both cases a tumour 
of the pituitary body was present. Tlie optic cbiasnia, and 
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afterwards the optic nerves, had been compressed by the tumour 
growth in each case. The following are the notes : — 

1. Acromegaly; double optic atrophy; diabetes inellitus ; tumour 
of the pituitary body, — Mary W., CBt. 36. Seven years before the 
patient came imder my observation, she had noticed that the hands 
were becoming large. She was seen by Dr. Hill Griffith on account 
of impaired vision three years later. At that time there was hi -temporal 
hemianopsia, and Dr. Griffith recognised the case as one of acromegaly. 
The hands and feet became very large, the lips prominent and thick ; 
the nose became enlarged, and the features altered very much. The 
patient was troubled with frequent pain in the head, chiefly in the fore- 
head, at the early part of the illness, but there was no vomiting. Her 
vision gradually became Avorse, and for two years before she came under 
my observation she had been quite blind. For nine months she had 
suffered from thirst and diuresis, and had been under the care of my 
friend Dr. E. Somers, who had found a large quantity of sugar in the 
urine. After the onset of diabetic symptoms there was considerable 
wasting. 

During the last six days of her life the patient was under the care 
of Dr. Dreschfeld at the Manchester Royal Infirmary, where, as medical 
registrar, I had the opportunity of carefully examining her. 

The hands and feet were still enlarged, in spite of considerable 
wasting, which had been produced by the diabetes. The jaw, nose, 
and lips were enlarged, and the typical symptoms of acromegaly were 
present. The patient was quite blind, and ophthalmoscopic examination 
revealed double optic atrophy (primary). There was no paralysis of 
facial or ocular muscles. The knee-jerks were absent. Examination 
of the chest and abdomen revealed nothing of importance. The urine 
had a specific gravity of 1040; it contained a large amount of sugar, 
but no albumin on admission (2nd May 1895). There was a marked 
brownish red reaction with perchloride of iron, and also a distinct 
reaction for acetone (LegaFs test). 

The daily quantity of urine was as follows : — 

3r<f May, — 76 oz. 

^th May, — 164 oz. ; total quantity of sugar excreted in twenty-four 
hours = 4960 grs. 

bth May, — 160 oz. 

During the night of 6th May the patient became very restless. On 
7th May the pulse was rapid, 140 per minute, and very feeble; the 
respirations deep, 32 per minute. The patient was semi-comatose. The 
urine contained a small amount of albumin ; it gave a distinct brownish- 
red coloration with perchloride of iron, and continued numerous hyaline 
and granular casts. Casts were not present in the urine on 4th, 5th, 
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and 6tli May. Death occurred with all the symptoms of diabetic coma 
on 7th May. 

At the autopsy there were the characteristic changes in the limbs — 
enlargement of the hands, feet, etc., but no abnormalities of importance 
were detected in the thorax or abdomen. The pancreas weighed 2 oz., 
and was normal macroscopically and microscopically. On examination 
of the brain, a tumour of the pituitary body about the size of a pigeon's 
egg was found. The under surface of the growth was smooth, and the 
splienoid bono wtis not invaded by it. The optic chiasma and optic 
nerves were embedded in the growth. Microscopically, the tumour 
was a round-celled sarcoma. TJie medulla and other parts of the brain 
were normal. 

2. AcrohiP(jaly ; xlonhh optic atrophy ; diaheies viellitus ; tumour of 
the pituitary body, — A. H., ret. 23, was admitted under the care of 
Dr. Ross to the ^lanchester Infirmary on 16th November 1890.^ 
History of headache and gradual enlargement of the hands and feet 
— symptoms of acromegaly. Temporal hemianopsia of the right field 
of vision; in the left field, vision entirely lost, with the exception 
of a very small area near, but a little to the temporal side of, the 
centre of the field. Urine 1035, no albumin, no sugar, loaded with 
urates. After remaining in the hospitiil for several weeks, the specific 
gravity of the urine rose to 1045, and it was found to contain sugar by 
Fehling's test, by the i)henylhydrazin test, and also by fermentation. 
The amount of sugar at first was 14 grs. to the ounce ; the amount of 
urine was then normal. The sugar gradually increased. The patient 
left the hospital for several months, and then returned on account of an 
abscess which had devt^loped in the left breast. She was admitted on 
the surgical side under the care of ^Ir. Southam. The patient com- 
plained of thirst, and on examination of the urine a large amount of 
sugar was found. The abscess was opened and treated antiseptically, 
and the patient put on diabetic diet. The thirst, however, increased, 
and five days later the patient die<l of diabetic coma. The temperature 
remained practically normal. At the post-mortem examination a round- 
celled sarcoma of the pituitary body Avas found, which pressed on the 
optic chiasma. The left ojHic nerve was embedded in the growth. The 
rest of the brain was normal. The thyroid was a little enlarged, and 
contained a colloid cyst. There were changes in the pancreas, which 
will he afterwards described (see p. 146). Liver enlarged, weight 5 lb. 
2 oz. ; signs of fatty degeneration. 

Glycosuria has been observed in other cases of acromegaly 
which have been recorded in medical literature ; sometimes 

1 This patient's symptoms were the subject of a clinical lecture published by Dr. Ross 
iu the International Clinics^ vol. i. p. 1. 
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polyuria has been present also, and in some cases the symptoms 
have been those of well-mo rked diabetes, as in the first case 
just reported. 

Thus sugar was found in the urino in six out of twenty-one 
recently reported cases of acromegaly ; in the other fifteen the 
urine was free from sugar. In four of the cases in which 
glycosuria was present the symptoms were those of true 
diabetes. In two of the six cases a tumour of the pituitary 
body was found at the autopsy, just as in the two cases recorded 
above ; the other four patients were still alive when the cases 
were reported. It is worthy of note, that in both of the cases 
recorded above, diabetes only came on at a late period of the 
disease, and probably some of the fifteen cases just mentioned, 
in which the urine was free from sugar, would develop glycosuria 
before death. In a case of acromegaly with diabetes, which 
has been recently reported by Hansemann ("^), post-mortem ex- 
amination revealed considerable increase in the connective tissue 
of the pancreas ; a tumour of the pituitary body was also present. 
Out of ninety-seven cases of acromegaly which Hansemann has 
collected from medical literature, diabetes or glycosuria was 
present in twelve. 

The association of diabetes with acromegaly does not appear 
to be constant, however, even at a later period of the disease. 

« « « 

From a consideration of the facts recorded in this section, 
we may draw the following conclusions respecting the relation 
of diabetes to attections of the nervous system : — 

1. Emotional disturbances (mental anxiety, worry, shock, or 
fright) are antecedents, and apparently play some part as 
exciting causes in certain cases of diabetes. In 1 6 per cent, of 
the cases at the Manchester Royal Infirmary, a history of such 
emotional disturbances was obtained. 

2. On post-mortem examination, in the majority of cases of 
diabetes, to the naked eye the nervous system is either normal, 
or presents only slight and unimportant changes. 

3. In a minority of cases, definite macroscopic changes, of 
diverse nature, are found ; they are most commonly localised in 
the floor of the fourth ventricle or in the medulla; in all 
probability they have played an important part in the causa- 
tion of the disease. 

4. In case of tumour of the pituitary body, sometimes there 
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have been symptoms of diabetes, often associated with those of 
acromegaly, during life. 

5. Microscopically, the small vessels of the medulla are 
dilated in many cases of diabetes, especially in the region of 
the vagus nuclei ; in other cases they are normal. The nerve 
cells and other structures in the medulla appear normal, or at 
least do not present any definite or constant change. Occa- 
sionally minute ha^morrhagic patches are found in the vagus 
nucleus. 

In spite of the negative result of microscopical examination 
of the nerve cells and other structures of the medulla in the 
majority of cases, it is still quite possible that diabetes is often 
dependent on some minute or functional changes in this region. 
The microscopical examination of the medulla in other diseases 
teaches us that very slight changes in the nerve cells may be 
productive of most serious symptoms. In bulbar paralysis, for 
example, if the disease does not run a very chronic course, often 
the changes in the medulla are slight. During recent years a 
number of cases of bulbar paralysis and of ophthalmoplegia have 
been recorded, which have terminated fatally, and in which 
careful microscopical examination of the medulla, pons, etc., has 
failed to reveal any pathological changes ; and yet there can be 
little doubt that disease has been present in these parts. (I have 
examined two such cases myself during the last four years.) 
Hence it is quite possible that some slight functional change in 
the nerve cells of the nuclei of the medulla may be the cause, 
or may play some important part in the causation, of certain 
cases of diabetes. 

E, Relation between Diabetes Mellitus and Lesions 

OF THE Pancreas. 

Changes in the pancreas in diabetes have been described, 
from time to time, by various physicians and pathologists, ever 
since Thomas Cawley ("^), in 1788, recorded a case of diabetes in 
which the pancreas was atrophied and contained calculi. Thus 
attention has been called to the importance of pancreatic lesions 
in diabetes by Chopart, Bright, Recklinghausen, Freriehs, Silver, 
Munk, Mackenzie, Taylor, Bond, Windle, Duffey, and many others. 
Lancercaux, many years ago, put forward the view that diabetes 
with wasting is particularly associated with pancreatic lesions. 
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Baumel (^"), in 1882, recorded cases of diabetes with pancreatic 
changes, and went so far as to attribute all forms of diabetes to 
the absence of diastatic pancreatic ferment in the intestine. 

But the importance of these pancreatic changes was not 
fully recognised until 1889, when Minkowski and v. Mering (j^) 
showed, by experiments on animals, that permanent diabetes 
mellitus could be produced by complete removal of the pancreas. 
(These experiments have been already discussed, see p. 74.) 
Since that time many cases of diabetes associated with pan- 
creatic changes have been recorded (by Lepine, Williamson (^®j, 
Vaughan Harley (^), Hoppe-Seyler (®'), Fleiner, Hansemann, and 
many others). 

There can be no doubt, however, that whilst in some cases 
of diabetes the pancreas presents marked changes, in other cases 
no pathological changes can be detected by our present methods 
of macroscopical and microscopical examinations. Some writers 
refer all cases of diabetes to disease of the pancreas ; some refer 
only diabetes with wasting to pancreatic affections (^) ; whilst 
others believe that there is no connection between diabetes and 
pancreatic lesions (^). Hence some caution is necessary before 
coming to a definite conclusion, and, in the following pages, 
evidence for and against the pancreatic theory of diabetes will 
be put forward. 

1. Frequency and nature of pancreatic lesions in diabetes 
mellitus, — In looking over old post-mortem reports of cases of 
diabetes, very frequently one finds that there is no mention of the 
condition of the pancreas. Before the publication of the results 
of the experiments of Minkowski and v. Mering on pancreatic 
diabetes, frequently the state of the pancreas was overlooked in 
the post-mortem examinations of diabetic subjects. Eokitansky, 
however, found naked-eye changes in the pancreas in thirteen 
out of thirty cases of diabetes. 

During the last seven years much attention has been paid 
to the macroscopical and microscopical condition of the pancreas 
in diabetes, and many cases have been recorded in which 
pathological changes have been found, but few in which the 
pancreas has been normal — microscopically, as well as macro- 
scopically. 

Lepine (®*) has pointed out that the pancreas may appear 
normal to the naked eye, but may present distinct changes on 
microscopical examination. Lemoine and Lannois {^) have de- 
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scribed a peri-acinous sclerosis of vascular origin, which can only 
be recognised on microscopical examination — though the import- 
ance of these changes has been disputed. 

Hence, in order to form a reliable estimate of the proportion 
of cases in which tlie gland is diseased, and the proportion of 
cases in which it is normal, and also of the nature and frequency 
of the various pathological changes, it is necessary to examine 
the pancreas, in a series of consecutive cases, microscopically, as 
well as macroscopiciilly. Tlie following are brief notes of the 
condition of the pancreas in twenty-three consecutive cases of 
diabetes mellitus. In twenty-two cases I have examined the 
pancreas microscopically, as well as macroscopically. A few of 
these were my own cases, but for the opportunity of making the 
pathological examination in the others, I am indebted to the 
kindness of Drs. Leech, Dreschfeld, Steell, Harris, and Wilkinson 
(of the Manchester Infirmary), to the late Dr. Eoss, and to my 
friends Dr. Mackenzie and Mr. Milner : — 

Case 1. — Diabetes mellitus ; history of alcohol ism ; marked cirrhosis 
of the pajirreOr^ with small calculi, — Thomas L., set. 45. 

Previous history, — Patient enjoyed fairly good health until the 
summer of 1890. In April 1890 lie lost his employment (that of a door 
porter at a music hall), and was imable to obtain employment again 
imtil December 1890. During this period he had much mental worry, 
anil was not able to obtain sutHcient food. In September 1890 he 
began to lose Hesli, and in November of the same year he began to be 
troubled with f^'reat thirst and diuresis, together with increased apj>etite. 
By January 1891 the patient had become much weaker, and the thirst 
and diuresis liad increased. The patient's weight was 11 st. 8 lb. in 
April 1890; in January 1891, 8 st. Ih Ih. From the age of 29, until 
five weeks before admission, tlie patient had taken large (juantities of 
alcohol (8 to 10 pints of beer) daily. There is no history of injury to 
the heatl or back. At the age of 19 he sufFered from gonorrhoea, but 
no history of syphilis could he obtained. His wife has had one mis- 
carriage, lie has been fond of sweet food. There is no family history 
of diabetes. 

Present state. — Patient complains of fjreat thirst and diuresis. There 
is marked wasting; the skin is harsh, dry, and scaly; the temperature 
is normal. The urine is clear, sp. gr. 1037, acid, contains a lar^^'e amount 
of sugar, but not a trace of albumin ; there is no deposit. It has not, 
however, the pale straw colour of diabetic urine, but has a slight re(ldish 
or ]nnh' tintje. With i)erchIoride of iron no brown-red coloration pro- 
duced. The bowels are not constipated. Distinct signs of phthisis 
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present. Heart normal; pulse 84. Respirations 18. Hepatic and 
splenic dulness normal. Knee-jerks absent. 

During the time the patient was in the hospital (22nd to 27th 
April), the amount of urine varied from 82 to 176 oz. daily; the 
specific gravity from 1035 to 1038 ; the amount of sugar from 27 to 
36 grs. to the ounce, or from 2664 to 4752 grs. daily. Death from 
coma, 27th April. 

Autopsy (Abstract). — Body wasted. Pericardium normal. Heart 
soft and flabby ; valves normal. 

Lungs. — In the uppermost lobe of the right lung was a large 
phthisical cavity, surrounded by nodules of caseous pneumonia. The 
lung tissue was also studded with miliary tubercles. 

Brain. — Meninges normal. Slight thickening of the choroidal 
plexuses of the fourth ventricle ; otherwise fourth ventricle, medulla, 
pons cerebellum, and cerebrum quite normal. 

Liver. — Weight 3 lb. 10 oz. ; capsule normal. On section, firm 
and somewhat congested ; no evidence of cirrhosis. 

Spleen congested, soft, and pulpy; weight 11 oz. 

Stomach and intestines normal. 

Kidneys slightly congested. 

Bladder normal. 

Pancreas very tirni and hard ; firmly adherent to, and very difficult to 
separate from, adjacent parts ; the tail was adherent to the spleen. Weight 
4| oz. On section it was pale, very firm, and cut with considerable diffi- 
culty. The pancreatic duct was dilated at several places, forming cyst-like 
dilatations (about the size of a small pea), which contained mucous fluid 
and small calculi. In one of these dilatations, about the centre of the 
pancreas, was an irregular oblong calculus, about the size of a small pea. 
At the tail extremity of the pancreas were several small cysts, contain- 
ing calculi, each about the size of a pin's head. The calculi had a pale, 
yellowish colour, and were of the consistence of mortar. The pancreatic 
tissue (on section) was seen to be broken up into very small round or 
irregular masses, surrounded by broad tracts of fibrous tissue. After 
hardening in Midler's fluid, and then washing well in water, these 
changes in the pancreas were seen very clearly. 

Microscopical Examiimfioii. — Sections of the pancreas, stained with 
logwood and eosin, showed most marked cirrhosis of the gland. In 
many parts, only a few small clusters of pancreatic cells could be seen, 
almost the whole of the field of the microscope being occupied with 
dense fibrous tissue. In other parts, there were well-stained small masses 
of pancreatic tissue, with one or two small ducts, in transverse or 
longitudinal sections. These masses of pancreatic tissue were separated 
and surrounded by a large amount of dense fibrous tissue ; also fibrous 
bands were prolonged between the gland cells. In some parts of the 
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glanJ there were larj^er massea of pancreatic tissue, eiirrounded and 
infiltrated by dense fibrous tissue. Many of the pancreatic ceils were 
broken down in these patches, and did not stain well with logwood. 
In many j^Mirts the dense fibrous tissue was well supplied by fine blood 
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vessels. Microscopical exaiiiinatioti showed that the condition wga 
certainly one of marked cirrhosip, and not scirrhus (see Fig. 
microscopical examination, the liver appeared normal. After hardening 
in Miiller'a fluid, careful maa'oscopic examination of the medulla and 
pons failed to reveal any abnormality. Also on microaeopical 
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tion, sections of the medulla appeared quite nonual, "with the exception 
of very slight dilatation of the blood vessels at the posterior part,- near 
the floor of the fourth ventricle. 

In the case recorded, the urine had all the characteristics 
of diabetic urine, with the exception of the colour. Instead 
of the usual pale straw colour, it had a rose or pinkish tinge, 
and yet not a trace of albumin was present ; there was no 
deposit of urates or other substances, and the urine was. quite 
clear. Unfortunately, a thorough chemical examination was not 
made. Fichtner ^ records a similar case. In his case the urine 
became-rose coloured on standing. 

Case 2. — Mary H., set. 34. Considerable wasting. History of 
thirst and diuresis for four weeks. Urine 1029 ; large amount of sugar 
present ; acetone and diacetic acid present ; trace of albumin. Death 
from coma on the second day after admission to the hospital. 

Nerropay, — Pancreas small, weight 1| oz. The gland, especially 
at the head, was exceedingly firm and hard. Microscopical examination 
showed most extensive cirrhosis. There was no fatty degeneration of 
the pancreas. The brain was normal to the naked eye ; microscopically, 
the medulla was normal. 

Case 3.^ — Mary H., aet. 41. Duration of illness only about three 
months. Chief symptoms : epigastric pain, swelling of abdomen, ascites ; 
ill-defined, resisting ridge felt in the epigastrium. Patient did not become 
very much emaciated. Urine not increased in quantity, sp. gr. 1047, 
acid, no albumin, large amount of sugar (20 grs. to the ounce), marked 
deep brown-red coloration with perchloride of iron (Gethardt's reaction), 
also marked reaction for acetone (Legal's test). During the last few 
days of life, vomiting was frequent. Hoematemesis and death from 
syncope. 

Necropsy. — Peritoneal cavity contained a large quantity of bloody 
fluid ; omental sac full of blood clot. The following is the condition 
Avhich I found on dissection : — Pancreas densely infiltrated by tumour 
growth. At some parts the pancreatic duct contained a thick mortar- 
like material; three branched, irregular, friable white calculi, each 
a little larger than a pea, were found in the head of the gland. Near 
the middle of the gland were two larger calculi of similar colour and 
consistence, one about the size and shape of a date-stone, the other 
about f in. long, and bent at a right angle at one end ; a large 



I Deutsches Arch,/, klin, Med., Leipzig, Bil. xlv. S. 117. 

a This case was rex>orted by Dr. Dresclifeld in a paper in the Med, Chron.y >ranchester, 
April 1895, p. 14. 
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number of smaller calculi were also present Little or th> normal 
pancreatic tissue could be detected. The growth extended from the 
pancreas in the most irregular manner into the surrounding parts at the 
posterior wall of tlio abdomen. On the serous surface of the posterior 
wall of the stomach was a diffuse mssa of new growth, which extended 
towards the cardiac end of the organ. The growth was infiltrated with 
blood. The pancreatic tumour also extended from the spleen to the 
portal vein, which it compressed but did not infiltrate. Superficially 
the growth was very soft and vascular ; the pylorus and duodenum were 
not invaded by it. The large omentum was much infiltrated with fat, 
and presented numerous secondary deposits. There were also secondary 
nodules in the gastro-hepatic omentum, The intestines were not impli- 
cated by the growth. The liver was small, and the surface smooth. 
There was no evidence of cirrhosis, but several small secondary deposits 
of new growth were found. The gall bladder was normal. The spleen 
was slightly enlarged. The kidneys were pale, but normal on section. 
On the serous surface of the uterus were several nodules of new growth. 
Microscopical examination showed that the growth was carcinoma, the 
firmer parts presenting the appearance of scirrhus. 

Cask 4. — 0., mt. 67. Emaciated, but not to a great extent. Urine 
1033, contained a large quantity of sugar. Severe thirst and diuresis. 

NpxTopsij. — Pancreas hard and firm on section, weight 2 oi. 
Microscopical examination revealed distinot cirrhosis. In the inter- 
ncinoua connective tissue were many groups of fat cells (lipomatosis). 

Case 5. — D., ml. 52. Much emaciated. Urine 1040 ; sugar varied 
from 20 to 26 gre. to the ounce. The daily quantity of urine varied from 
140 to 170 m. Arteries very atheromatous. 

NfCTopsij. — PancreaS' weighed 3 oz. It was very firm, and appeared 
cirrhotic. Microscopical examination revealed a moderate degree of 
cirrhosis, but no fatty degeneration. Grain normal. Extensive tuber- 
culosis of both lungs. Arteries niarkediy atheromatous, in many parts 
calcihed. 



Case 6.— U., let. 23. Acromegaly. Optic atrophy. Glycosurin. 
without thirst. At a later date, thirst marked, diuresis. Patient well 
nourished. Death from coma. (For other not«a, see p. 138,} 

iVwrops;/.^ Sarcoma of th« pituitary body, involving the optic 
chiasma. Pancreas very large, infiltrated at many parts with fat ; 
weight 7 oz, Microscopically, well-murked lipomatosis d 



Cass 7. — -1!-, «t. about Z-y. Emaciatei!. Urine, sp, gr. 1040; daily 
quantity 80 to 150 oz. ; large amount of sugar present. 
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Neeropny. — I'anProos much atrophied, exceedingly soft nnd flubliy, 
weight H oz. Scattered throughout the gkod (aft«r hardening in 
Miiller'a fluid) were aeea numerous email jiale patches. JFicroscopieal 
extunination revealed fatty degeneration and fatty infiltration (Hpoinab- I 
oeis) at these parts. 

Case 8.1— J. C, aat. 4G. Wasted markedly. Urine 100 to 136 
oz. daily; sp. gr. 1035 to 1045; sugar 4000 to 5300 
gw, duUy. No reaction with perchloride of iron. 

Necroptij. — Pancreas very small, weight not quite a 
quarter of an ounce. Pancreatic duct of nor 
organs wasted. Heart only weighed & oz.; hut the wasting 
of the pancreas waa altogether out of proportion to that 
of the other organs. The pantreas was firm, and pre- 
sented no other change heyond atropliy. 

Cabe 9. — J., ffit. 65. Much emaciated. Urine, sp. 
gr. varied from 1028 to 1034 ; the daily quantity of urine 
from 74 to 104 oz. ; the amount of sugar from 32 to 28 
gra. to the ounce. 

Neeritprnj. — Pancreas weighed 10 drms., and waa 
atrophied and flabby. Microscopical examination revealed 
alight fatty degeneration with slight liiJi.>matosi8. 

Cash 10.- — N., let. 44. Very marked wasting. Urine, 
daily amount varied from 100 to 204 oz. ; the sp. gr. was 
1034 to 103.5 ; a largo amount of sugar present. Death 

A'eero/«2/.— The pancreas was markedlj atrophied, and 
weighed b\ drms. only ; but, apart from the atrophy, 
microscopical examination did not reveal i.irrho'^i'', fatty 
degeneration, or any other change. Fin.lO,— Arturi 

Cask 11 — W., tet. 19. The daily amount of urine fncJ^'g"!"" 
varied from 70 to 90 oz. ; the sp. gr. from 1035 to 1038 ; 
a large quantity of sugar waa present. The disease ran a very rapid 
coune, and death occurred from coma about fourteen weeks after the 
symptoms were first noticed. 

Necrop»y. — The pancreas waa atrophied, and weighed 10 drms.; but 
microscopical examinalion did not reveal any other pathological 
change. 
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Case 12. — Ellen B., aet 20. Marked emaciation. Tuberculous lung 
disease. The diabetic symptoms came on soon after a severe frij;ht. 
Urine, amount varied from 90 to 116 oz. daily; sp. gr. 1032 to 1036; 
sugar 28 to 30 grs. to the ounce. 

Necropsy. — Pancreas weighed 11 drms. (but all the organs were very 
much wasted) ; uiicroscopically it api>eared normal. 

Case 13. — R, set. 29. Marked wasting. Urine, daily amount 
varied from 100 to 150 oz. ; sp. gr. 1030 to 1042 ; and the sugar from 
20 to 36 grs. to the ounce. 

Xt'cropsy, — Pancreas weighed 1 J oz. ; macroscopically and micro- 
.scopically it appeared normal. 

Case 14. — T., set 26. Duration of disease, nine months. Emacia- 
tion. Urine 90 to 120 oz. daily; sp. gr. 1035; sugar 30 to 38 grs. 

per oiinc(». 

Norropsy. — Pancreas atrophic, weight \\ oz. ; microscopically 

normal. 

Case 15. — W., aet. 31. Marked history of alcoholism. Great 
emaciation. Death from coma. Urine 255 to 293 oz. daily; sp. gr. 
1036 ; sugar 22 to 23 grs. to the ounce. 

Xecrojfsy. — Pancreas, weight H oz. Macroscopically, normal. 
Microscoiically, no cirrhosis, no fatty degeneration, or infiltration; in 
some j)laces nuclei of cells stained badly with logwood, otherwise the 
sections appeared normal. Lungs presented early tubercular changes. 

Case 16. — ]>., jet. 52. History of alcoholism. Liver enlarged. At 
first urine 154 oz. ; sp. gr. 1017; 10 grs. of sugar to the ounce. After- 
wards; the diabetic symptoms increased rapidly, the sp. gr. of the urine 
reached 1031, and the amount of sugar was 26 grs. to the ounce. 

Nprropsy, — Pancreas weighed 3i oz. On microscopical examination 
the «^'lan(l appeared normal. Marked cirrhosis of the liver ; tuberculous 
disease of the lungs. 

Case 17. — M., a?t. 46. Emaciated slightly. Urine, daily amount 
varied from 170 to 190 oz. ; sp. gr. 1035 ; sugar 30 grs. to the ounce. 
Tuberculous disease of the lungs. Death from cuma. 

Nerropay, — Pancreas weighed 3 oz. ; macroscopically and micro- 
scopically it appeared normal. 

Case 18. — F., at. 21. Much emaciated. Urine, daily amount 
varied from 130 to 140 oz. ; sp. gr. from 1030 to 1040; sugar 33 to 35 
grs. to the ounce. 
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Necropsy. — Pancreas weiglied 2i oz, ; macroscopically and micro- 
scopically it appeared normal. 

Case 19. — R., jeL 42. Great emaciation. Urine, amount varied 
from 90 to 130 oz. daily; sp. gr. 1032 to 1045; amount of sugar, 
5 to 7 per cent 

Necropsy. — Pancreas weighed 2i oz. On microscopical examination 
it appeared normal. Multii)le abscesses in the right lobe of the liver. 
Cerebro-spinal meningitis (recent). 

Case 20. — R., set. 35. Marked emaciation. Amount of urine 
varied from 117 to 125 oz. daily; the amount of sugar was about 30 
gra. to the ounce. Tuberculous lung disease. 

Necropsy, — Pancreas weiglied 2 J oz. ; macroscopically and micro- 
scopically it appeared normal. 

Case 21. — W., aet. 36. Bi-temporal hemianopsia, afterwards double 
optic atrophy. Acromegaly. At a later date, marked wasting. Symp- 
toms of diabetes mellitus. Urine 160 oz. ; sp. gr. 1(^32; sugar 31 
grs. to the ounce ; trace of albumin ; marked brown-red coloration with 
perchloride of iron. Death from coma. 

Necropsy. — Sarcoma of pituitiiry l)ody, involving optic chiasma. 
Macroscopically, pancreas apj^ared normal, weight 2 oz. !Micro- 
scopically it also ai)i)eared normal. 

Case 22. — M*M., aet. 19. Duration of symptoms five weeks only. 
Sudden onset from thirst. ^larked wasting. Urine 180 oz. ; sp. gr. 
1032 to 1034; sugar 4400 to 4860 grs. daily. 

Necropsy. — Pancreas weighed IJ oz., atrophied somewhat, but 
scarcely out of proportion to the general wasting of the body. Other- 
wise, macroscopically and microscopically, the gland appeared normal. 
Tubercidar disease of the apex of the left lung. 

Case 23.— B., ait. 26. Admitted into hospitjil comatose. Diabetes 
then first discovered. Urine, strongly acid, 1025 ; large amount of 
sugar present. Marked brownish -red coloration with perchloride 
of iron. Good reaction for acetone (Legal's test). Patient 
emaciated. 

Necropsy. — Pancreas weighed 2i oz. ; normal macroscopically and 
microscopically, except that a few scattered patches were seen in which 
the nuclei of the cells did not stiiin well. 

Results. — Condition of the pancreas in twenty-three con- 
secutive cases of diabetes mellitus : — 
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(1) Extensive changes : — Ca<«es. 

Very marked cirrhosis 2 

Cancer 1 

(2) Fairly well-marked changes : — 

Cirrhosis 2 

Lipomatosis 1 

Atrophy, fatty degeneration, and infiltration . 1 
Very advanced atrophy, gland weighing less than 

ioz. 1 

(3) Slight changes : — 

Atrophy, with slight fatty degeneration 
Atrophy (without any other changes) out of pro- 
portion to the general wasting 

(4) Atrophy, but only in proportion to general wasting 

no other change ..... 

(5) Pancreas normal, macroscopically and microscopic- 

ally 



Total 



23 



In twelve out of twenty-three cases, therefore, the pancreas 
was either normal, or only atrophied in proportion to the 
general wasting. 

Some of the above cases were published by the writer (^) in 
a paper in The Lancet, 1894 (14th April), and soon afterwards 
an article appeared by Hansemann (^^) of Berlin, in which the 
relation of the pancreas to diabetes is carefully discussed. A 
survey of the pathological reports of the Berlin Pathological 
Institute for ten years gave the following results : — 

Cases. 

(1) Diabetes without pancreatic changes . . .8 

(2) Diabetes without any information respecting the 

pancreas ........ 6 

(3) Diabetes with pancreatic affections . . .40 

(4) Pancreatic disease without diabetes . . .19 

As it is not stated that a microscopical examination was 
made in every case, these results probably refer to the macro- 
scopical changes only. It is remarkable, that of the forty cases 
in which pancreatic changes were found, thirty-six presented 
simple atrophy ; three cases presented fibrous induration ; one 
was a case of pancreatic cyst. 

Nature of pancreatic lesions in diabetes. — The above table 
of twenty-three cases along with the results of Hansemann, 
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shows the nature of the pancreatic changes. But in order 
to obtain further information on this point, I have collected and 
classified the results in 100 cases of diabetes, recorded in medical 
literature, in which the 'pancreas was abnormal. 

In very few of the cases was a microscopical examination 
made, hence this table represents generally the positive result 
of macroscopical examination only. 

One Hundred Cases op Pancreatic Lesions in Diabetes. 

No. of Cases. 



Atrophy of the pancreas (more or less marked) 
Very marked atrophy, gland almost absent 

„ „ gland not recognised by naked 

eye 

Very marked atrophy, with cystic dilatation of duct 

„ „ „ and induration 

Calculi present, other conditions not stated 
Marke-.l fatty degeneration .... 

„ „ „ with calculi 

Fatty degeneration, with increase of connective tissue 
Complete fatty degeneration and marked atrophy 

„ transformation of pancreas into a fatty mass 
Cystic disease ...... 

Large pancreatic cysts .... 

Cyst of pancreas, with necrosis . 

Transformation into a firm mass of fibrous tissue, pan 

creatic tissue being almost absent . 
Marked cirrhosis ..... 

Cirrhotic and cystic pancreas 

Calcified pancreas ..... 

Peripancreatitis and pancreatitis hsemorrhagica 
Abscess ....... 

Cancer ....... 



39 



2 
2 
1 
I 
10 
3 
1 
1 
2 
3 
3 
1 

10 

3 

1 

1 

2 

3 

8 
— 61 



100 



Hanseraann has given the following results from an analysis 
of seventy-two cases recorded in medical literature : — 



Pancreatic calculus ..... 
Cancer with obstruction of the duct . 
Simple atrophy with interstitial inflammation 



Cases. 

. 14 
. 5 
. 38 



Other changes ........ 15 
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The changes in the pancreas in diabetes are therefore varied 
in nature. Atrophy is the most common change, but it is 
probable that in some of those coses, at least, the atrophy may be 
really only a part of the general wasting. Marked atrophy of 
the p<increas has been observed, however, in diabetes when the 
general wasting has been absent or trifling (as in Case 11), 
and it has also been observed in stout diabetics. 

Hanscmann states that the atrophy of the pancreas in 
diabetes differs from atrophy of the {Mincreas which is simply a 
part of general wasting. In the former condition, the stroma of 
ttie gland is not atrophied as in the latter ; and in the former the 
Htroma has filled more or less the spaces left by the atrophy 
of the gland parenchyma, i.e, a kind of interstitial inflammation 
has tiiken place. He compares the condition to granular 
atrophy of the kidney. I have often been struck by this 
appearance of the atrophied pmcreas in diabetes. 

2. Condition of tJic ji'^^ncreas in a series of consecutive autapsits, 
— In considering tliQ relation of pancreatic lesions to diabetes, it is 
important to know what is the condition of the gland in u series 
of unselected autopsies on persons dying from various ailments. 
On this point Kasahara (^) has published the records of the 
pathological examination of the gland in eighty-three consecutive 
cases. The following table I have drawn up from his records: — 



Pancreas normal, or presenting only trifling changes 
Increase of fat — 

Interstitial fat markedly increased 

Interstitial fat moderately increased 

P'atty metamori)hosis (one case of diabetes) 

Marked localised fatty changes . 

Partial fat necrosis . 

Interstitial fat greatly increased 
Tncrease of connective tissue — 

In a marked degree . 

In a moderate degree 

Slightly increased 

Increased locally 
Marked atrophy (both cases of diabetes) 
Cancer ...... 

Marked turbidity of cells 



Cases, 

42 



2 
1 
6 
I 
1 
1 

.» 

3 
9 

6 

o 

»d 

1 

1 
— 41 

83 
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Kasahara points out that in these eighty-three iinseleeted 
cases (of various diseases) met with in the post-mortem room, 
marked atrophy was found in two only, and both were dia- 
betic patients. In no class of cases, accompanied by wasting, 
has he found such marked atrophy of the pancreas as that met 
with in some cases of diabetes. 

3. The condition of tlie urine in diseases of the paTicreas, — 
In discussing the relation of diabetes to disetise of the 
pancreas, it is interesting to consider the subject from yet 
another standpoint. In a series of cases of definite pjincreatic 
disease, what is the condition of the urine ? Undoubtedly 
the. urine will be found free from sugar in a large proportion 
of such cases. 

Numerous cases of pmcreatic disease are on record in which 
the urine did not contain sugar. But it is important to bear in 
mind the results of Minkowski's experiments on partial ex- 
tirpation of the pancrefis. If a small part of the pancreas be 
left behind (one-fifth even has sufficed), diabetes does not occur. 
Now, if this small i)iece of jmncreas remaining in the abdomen 
is sufficient to prevent the occurrence of diabetes in animals, 
one would expect that in pancreatic affections in man, if the 
whole of the gland be not diseased, i.c, if a small piece should 
retain its function, that diabetes would not occur. Certainly, in 
a very large number of cases of pancreatic disease in man, a 
portion of the gland has remained unaffected. Thus, in ten 
cases of pancreatic disease (confirmed by autopsy) at the 
Manchester Eoyal Infirmary, the urine was free from sugar 
in every one. But post-mortem examination showed that in 
five of the cases only the head of the pancreas was affected, and 
the rest of the gland was normal. In the other five cases the 
post-mortem records state that the lesion was in the head of the 
pancreas, and no mention is made of the condition of the rest of 
the gland, so that we are not justified in concluding that the 
whole of the gland was affected ; probably the rest of the gland 
was normal. 

In many Ciises of pancreatic cyst, diabetes has been absent ; 
but this is explained by the fact that there has been some 
normal gland tissue remaining. 

On the other hand, there are on record some cases of 
extensive necrosis, and some cases of diffuse cancer infiltrating 
the whole of the pancreas, which have not been associated with 
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diabetes. With both of these conditions diabetes is sometimes 
associateil, however. 

4. Co}iclusioiis.~lb is very improbable that all the varied 
pancreatic changes which have been recorded in diabetes are the 
rc'iHlt of the disease. It is scarcely credible that one disease — 
diabetes — should produce such a number of varied affections of 
the pancreas as cancer, cirrhosis, atrophy, abscess, etc. Then 
again, from the frequency of pancreatic lesions in diabetes, and 
from the fact that often the pancreas presenta marked changes, 
whilst in the rest of the organs none of importance are 
detected, it is improbable that the lesions are aecidmtal. 
Further, when we consider the remarkable results produced by 
extirpation of the pancreas, it appears very probable that, in 
certain cases, diabetes is directly due to pancreatic disease. 

Whilst experiments on animals appear to have conclusively 
proved that total removal of the pancreas produces diabetes, 
there are two objections to the pancreatic theory of the on'giu 
of diabetes in man, as was pointed out by Minkowski himself. 
In the first place, pathological changes are not found in all eases 
of diabetes in man ; secondly, sugar is not found in all cases of 
disease of the pancreas. This second objection has just been 
discussed, and partly met. As regards the first objection, it was 
pointed out by Minkowski that the number of cases in which 
the pancreas had been carefidly examined, microscopically as 
well as macroscopically, was comparatively small. But during 
the last five years great attention has been paid to the condition 
of the pancreas in diabetes, and there can now be no doubt that, 
microscopically as well as macroscopically, the pimcreas not 
infrequently appears normal, as is shown in the records of the 
cases reported above. Tiie propoi'tion of cases in which the 
pancreas is diseased can only be correctly estimated by the 
examination of a series of cunsccutiec cases, and the records of 
the twenty-three cases which I have described above, funiish, 
I believe, a fairly correct representation. From these records 
we see that in eight out of twenty-three cases the pancreas 
appeared normal, both microscopically and macroscopically ; and in 
four other cases the only change was atrophy, which was scarcely 
out of proportion to the general wasting of the body. Hence, in 
twelve out of twenty-three cases diabetes was due to some other 
cause than pancreatic disease, or the pancreatic alfeetiou must 
have been one giving rise to changes which cannot l)e detected 
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inicroacopicaliy or macroaeopically, I'.f, a fiinctioiiji] disease. It 
may be pomteii out, that uot only the pancreas but also the 
brain, liver, and other organe are very often normal, or present 
changes only which are undoubtedly of a secondary nature. On 
the other baud, the importance of the pancreas is evident, when 
we bear in mind the results of experiments on animals, which 
shww that total removal of the pancreas invariably produces 
diabetes, and that a small portion of pancreatic tissue, grafted 
under the skin of the abdominal wall, ia sufficient to prevent 
diabetes, when the whole of the gland is removed from within 
the abdomen. Considoring also the number of cases recorded 
in which marked pathological changes in the gland^often almost 
complete destruction — have been found at the post-mortem 
examination of diabetic patients, it appears exceedingly probable 
that the disease has been due to a pancreatic lesion when 
extensive changes have been found in that gland. 

But it must be borne in mind that partial e.\tirpation of 
the pancreas in animals is not followed by diabetes. A small 
portion of the gland left behind is sufficient to prevent the 
occurrence of glycosuria. Hence it is very questionable whether 
diabetes in man can be attributed to pancreatic disease wben 
the gland presents only slight changes (**). 

There is another point to consider with reference to the 
subject. The pancreas is a very vascular organ, aud a slight 
lesion in the nervous system might produce vasomotor changes 
in the gland, and cause an e.xcess of arterial blood to flow 
through it. This might lead to alteration in the internal 
secretion, and yet. post-mortem, no definite pathological changes 
might be detected. 

In s considerable number of cases of diabetes — twelve out 
of the above twenty-three cases — it seems probable, therefore, 
that diabetes was either due to some other cause than pancreatic 
lesion, or to some fimctional or vasomotor change in the 
pancreas. 

In two ot the oases a tumour ot the pituitary body was 
probably the cause of the disease. 

In eight or nine of the twenty-three cases recorded above, it 
appears probable that the disease found in the pancreas was the 
cause of the diabetes — Cases 1, 2, 3, 4, 5, 7, 8, 9 (?), and 10. 

That diabetes is produced in various ways seems very 
probable. Just as fever is produced in many ways, so it la 
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probable that glycosuria and the accompanying sympl 
diabetes mellitus are produced by several pathological coaditicme. 

Lanoereaiix (") recognises three varieties of diabetes — (1) 
Traumatic or spontaneous diabetes through lesiou of the nervous 
system ; (2) diabetes with wasting, or pancreatic diabetes; 
(:i) diabetes with obesity, or constitutional diabetes. Diabetes 
with wasting, however, is not always associated with pancreatic 
disease. Lcpine (**) has ixiinted out that the pancreas may lie 
normal in diabetes with wasting, and he has found this gland 
diseased in diabttes with obesity. And in the cases recordeii 
above, IS, 19, 20, 22, and 28, there was marked wastiDg, and 
yet the pancreas was of normal weight and appeai'ance. 

Hoppe-Seyler (*'), Fleiuer (""), and others have recorded 
cases of diabetes associated with pancreatic disease and arterio- 
sclerosis. In these cases it appeared probable that arterio- 
sclerosis of the pancreatic arteries was the cause of the afTecl 
of the pancreas, and therefore indirectly of the diabetes. 



F. Relation between Diabetes Mellitus and 
Aetkrio-sclkhosis. 
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Diabetes and arterio-sclerosis are both diseases most com- 
monly met with after the age of 45. It is not surprising, 
therefore, that the two affections should be frequently associated 
in elderly people. But not infrequently diabetics under middle 
age present marked signs of arterial sclerosis, and it seems prob- 
able that in some cases there is an indirect connection between 
the two diseases. 

Grube (•") of Neuenahr found arterio-sclerosia present in sixty- 
three out of 137 mule patients, and in three out of forty female 
patients. But the majority of his patients were over the age of 45, 
and most of them suffered from thi3 milder forms of the disease. 

In a case of diabetes in a male u.'t. 52, with very advanced 
atheroma of the arteries, I had the opportunity Of making an 
autopsy SDme time ago. Apart from the tubercular Inng mis- 
chief (which had developed late in the disease), the most striking 
pathological condition was the very advanced atheroma of the 
arteries in almost nil parts of the body. Many of the arteries 
were calcified, and many of their small branches ramifying in 
the muscles were markedly atheromatous and rigid. I have 
never seen a case which has presented more extensive atheroma 
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\^\ the arteries on poBt-inoitein examination. Definite flyniptoms 
■pf diabetes had been presfiit duiing the last eleven aaoiiths of 
Plife only, whilst the arterial changes were evidently of much 
Blonder standing. In this case it t» by no means improbable 
kfthongh not capable of proof) that the arterial disease was the 
I.^torting-point of the diabetes, possibly through secondary changes 
Kin the pancreas, since eirrhosia of that oi^n was present. 
I' FrerichsC) di-ew attention 10 the frequency of arterial 
K^hongea in chronic forms of diabetes, especially when ussoci- 
Ksted with gout, and thought that probably some connection 
I 'existed betweeu diabetes and the arterial changes. Other writers 

■ (Perraro, Laache. Grube, Fleiner) also regard arterio-sclerosis as 
Ls cause of diabetes in certain coses. 

I ' It is conceivable that orterio-sclerosis may cause diabetes by 
rproducing cliitnges in the pancreas or in the nervous system 
K (medulla). 

K , Hoppe-Seyler (*) records an instructive ease of diabetes 
I piellitiiB, in which post-mortem examination showed that the 
r pancreas was transformed into a mass of adipose tissue. Micro- 
scopically, it was found to consist chiefly of fat, with small scattered 
islands of degenerated pancreatic tissue. There was atheroma 
ot the aorta, and the celiac, gastro-duodenal, and splenic arteries, 
L especially the latter, were markedly calcified. Also the smallest 

■ branches of the splenic artery entering the pancreatic substance 
P were thickened. Hoppe-Seyler attributes diabetes in this case 
\ to the pancreatic changes, and believes that these were pro- 
I duced by arterial sclerosis. 

ft Fleiner (**) has also recorded a case of cirrhosis of the pau- 

Lcreas, appwently the result of marked arterio-selerosis. 

■ Arterio-selerosis often produces cirrhosis of the kidney ; 
Kioyocarditis may follow arterio-scletosis of the coronary arteries; 
I- also valvular lesions of the heart, and various cerebral affections 
Vnay be produced by the same arterial changes. Hence it is 
Bqnite conceivable that arterio-selerosis may occasionally lead to 
Kcirrhosis, or other lesions of the pancreas. 

H Wlien the changes produced in tlie pancreas by arterio- 
B Bclerosis only affect a portion of the gland, then the remaining 

■ normal gland tissue may be sutticient to prevent the occurrence 
H of diabetes ; but when the whole of the gland is affected, it is 
I probable that diabetes will follow. 

■ Fleiner thinks that u great number of the milder forms of 
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diabetes in elderly persons are probably indirectly due to 
arterio-sclerosis. 

G. Diabetes of Endogenous Origin. 

In many cases of diabetes, the most careful inquiry into 
the previous history of the patient fails to reveal indications 
of any external exciting cause. There is often no history of 
injury, mental shock or anxiety, over-work, alcoholism, syphilis, 
heredity, or any of the supposed exciting causes of the disease 
which have been already referred to. In 100 cases at the 
Manchester Eoyal Infirmary, there was no history of any of 
the so-called exciting causes in fifteen at least. It is quite 
possible, as has been pointed out by Striimpell and others, 
that some cases are entirely or almost entirely of endogenous 
origin, i.c, they are due to some developmental abnormality ; 
and in most of the cases which appear to be due to the above- 
mentioned causes, it is probable that there is an endogenous 
in addition to the exogenous factor (or external exciting 
cause) in the production of the disease. In very many cases 
in which a history of some supposed exciting cause is given, it 
is difficult to say whether this has really played any part in 
the production of the disease. Sometimes the most careful 
examination of the brain, pancreas, liver, or other organs fails 
to reveal any pathological change, or any change to which im- 
portance can be attached, and there is also no history of any of 
the supposed exciting causes. Such cases show how very meagre 
is our knowledge respecting the origin of the disease, in spite of 
the enormous mass of literature which exists in relation to this 
subject. 

Etiology of Diabetes. 

In 100 consecutive cases of diabetes, I have made careful 
inquiries with respect to the usual etiological factors, with the 
following results : — 

Heredity : other members of family affected . 
History of marked mental worry, anxiety, 

mental shock ...... 

Mental anxiety and over-work, etc., connected 

with the nursing of a sick relative for a long 

period ....... 



in 


13 


cases. 


>> 


10 


>) 


>> 


8 


>> 
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Disease associated with acromegaly . . in 2 cases. 

„ followed overwork . . . . „ 5 » 

„ „ external injury . . . „ 6 ,, 

History of great alcoholic exceSvS . . . „ 17 „ 

Definite history of syphilis . . . . „ 6 ,, 

Disease followed soon after pregnancy, mis- 
carriage, or abscess of breast . . . »» 7 „ 

Disease developed directly after influenza . » 8 „ 
„ ,, directly after an acute 

„ „ pleurisy .... „ 2 „ 

directly after pneumonia . ,,1 



„ „ during an attack of nasal 



>> ^ >> 






catarrh and bronchitis .... 
Patient exceedingly stout before diabetes 

developed ...... ,,4 

Very sudden onset of thirst — exact time given „ 9 

No history of any definite exciting cause . „ 15 

„ „ gout obtiiined in any of the cases. 
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CHAPTER IX. 

SYMPTOMATOLOGY. 

The Appearance of the Patient. 

There are two well-marked forms of diabetes, the severe 
and the mild, besides intermediate varieties; and the appear- 
ance of the patient generally differs in the two forms of 
the disease. In well-marked examples of the severe form the 
patients are very often under middle age; frequently they 
are young persons ; they are thin, they have lost flesh, some- 
times to a very great extent, and the skin is dry and harsh. 
The appearance of the face is sunk and wasted, and yet the 
facial expression diflers from that of other diseases associated 
with great wasting, such as phthisis and malignant disease. In 
the severe forms of diabetes, the wrinkles of the face, about the 
mouth, are often well-marked; the naso-labial fold is deep 
or sharply defined, and it is frequently prolonged downwards, 
well round the angle of the mouth. Sometimes the face is 
pale ; but there is rarely any marked anremia, unless the disease 
be complicated with tuberculosis. In other cases, a very slight 
degree of congestion or cyanosis is observed about the tip of the 
nose, the cheeks, and the lips ; and sometimes the conjunctivie 
appear abnormally moist. Though the face is wasted, there is 
not the great anaemia of advanced phthisis. The lips are not 
anaemic, and the pink flush of the cheek and the refined delicate 
expression of the face, so common in phthisis, are absent in 
the diabetic ; also the earthy cachetic appearance of the face of 
malignant disease is absent. Patients suffering from the severe 
form of diabetes often look older than their years, and the 
appearance of the face is frequently suggestive of nervousness, 
anxiety, or grief Q). The face in many cases of the severe form 
of diabetes may be briefly described as anxious or sad, wasted, 
but not anccmic, or not markedly anaemic. To define the facial 
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in (lialietes of the severe type is difficult, yet I am 
inclined to think there is often something peculiiir in the 
appearance oE these casea. Whether this is eo or not, on seeing 
the new cases admitted to the wards of the Manchester EoyiJ 
Infirmary, the facial expression has on several occasions caused 
a diagnosis of diabetes to flash across my mind before any ques- 
tions had been asked, and examination has proved the suspicion 
to be correct. 

The facial appearance above described is not always observed, 
even in severe cases of diabetes; and in the mild forms of the 
disease the patient is often well nourished, sometimes very 
stout, and the facial expression is not in the least characteristic. 
Ill these cases, though the patient is still well nourished, or even 
stout, on inquiry we often find that there baa nevertheless been 
considerable loss of tlesh. 

la the severe cases with wasting there is often very great 
loss of weight, and Saundby points out that there are often 
marked and sudden fluctuations in the weight. 

In any case of marked wasting in a young person, or of great 
obesity, especially in an old person, an examination of the urine 
for sugar should never be omitted. 

Hauot and otliers have described a rare form of diabetes, 
associated with pigmentation of the skin and hypertrophy of 
the liver. The pigmentation is most marked on the face, limbs, 
and genital organs. To this peculiar form Hanot has given the 
name of diabitc broiiz^. It is described on p. 308. ^M 



Onset of Diabetes. 

The patient sometimes first seeks medical advice on account 
of loss of flesh, or of gradually increasing weakness. Pains in 
the legs, especially cramps in the calf muscles, are sometimes the 
earliest signs of the disease which attract attention. In many 
cases, increase in the quantity of urine is the first symptom 
tbe patient notices. He finds tliat he has to get up during the 
night to micturate, whilst previously he had always been able 
to sleep undisturbed. But in the majority of eases great thirst 
is tbe first symptom, and it is a curious fact that sometimeB the 
thirst comes on very suddenly. The patient may be able to 
state the date ou which the thirst commenced, ofteu the time of 
the day, or the exact hour. (Nine out 100 cases, see p. 159.) 
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ONSET OF DIABETES. 

Thiia a moat intelligent putient stated that the thii-st com- 
menced on September the 24th, in the afternoon. Another 
diabetic stated that the thirst commenced suddenly one night 
at 12 o'clock, whilst he was engaged on night duty at his work, 
la a third case, it began suddenly in the evening, whilst the 
patient was working unusually late. In a fourth, it began 
suddenly between 8 and 9 o'clock iu the morning. In two 
other cases, the thirst came on very suddenly after drinking a 
glass of beer. 

A diabetic patient recently told me that he had been per- 
fectly well until one evening when he took a great quantity of 
beer ; he was carried to bed intoxicated, and next morning on 
awaking he experienced a most intense thirst, which he has 
never been able to quench since. 

Another diabetic stated that he had gone to bed quite well 
one evening, but next morning the " legs had shrunk," the " flesh 
had shrunk," and he experienced an intense thirst, which he 
was quite certain had not been present the day previously. 
The thirst persisted ever afterwards, and the patient suffered 
from a very severe form of the disease. 

Sometimes, especially in the mild forms of the disease, the 
patient first comes under treatment on account of some of the 
complications of diabetes, such as soft cataract, carbmicle, 
gangrene, irritation atjout the genitals, eczema of the vulva, or 
skin diseases of various kinds. Occasionally diabetic patients 
first seek advice on account of nervous depression, failure of 
health, loss of strength, and inability to perform their daily 
duties, the diuresis or thirst not having attracted their atten- 
tion. These symptoms have often followed mental shock, or 
great anxiety, or occasionally some bodily injurj' (see p. 107). 
In the former eases, tlie state of nervous excitement or mental 
depression has persisted for some time, and, on examination of 
the urine, sugar has been detected. 

One of my patients first consulted me on account of a sore- 
ness of the throat and a salty taste in the month. Two weeks 
previously, immediately after drinking half a glass of beer, he 
had experienced a salty taste in the mouth, and this had con- 
tinued ever since, and the throat had become dry. On examina- 
tion of the urine, I found he was suffering from a severe form 
of diabetes. 

In certain cases the urine has contained sugar in small 
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quantities, or there has been a temporary glycosuria months 
or years previous to the onset of severe diabetic symptoms. 
Loeb (2) has recently drawn attention to this point. In one 
of his cases, the urine contained 5 3 per cent, of sugar, the 
specific gravity was 1038, and there was a history of thirst 
of only fourteen days' duration. But he happened to have 
examined the urine two years previously, whilst the patient was 
suffering from an attack of intercostal neuralgia. At that time 
2 5 per cent, of sugar was present, but this had disappeared 
at the end of nine months. Hence, long before the well-marked 
symptoms of diabetes had developed, there was a diminished 
power of utilising carbohydrates in the system, and slight 
temporary glycosuria as a result. In a second case of diabetes, 
the urine contained 7'9 per cent, of sugar, and had a specific 
gravity of 1042. The patient stated definitely that symptoms 
of the disease had been present for four wrecks only. But Loeh 
happened to have made an examination of the urine five months 
previously, and at that time had found traces of sugar present. 
In a third case of diabetes, the urine contained 4 per cent, of 
sugar. Loeb had found traces of sugar in the urine two years 
and a quarter previously. Several similar cases have come 
under my own observation. 

On the other hand, it has also been clearly shown that 
diabetes in its severe form is not always preceded by slight 
glycosuria. Thus, Wallach (^) records a case of acute diabetes 
in which the urine of the patient happened to have been 
examined chemically a little more than five weeks before death. 
No sugar was present at that time ; but after an attack of 
bronchial catarrh, diabetes developed suddenly, and terminated 
fatally five weeks after the urine had been examined. 

The Ukine. 

Quantity, — An increase in the amount of urine passed is 
often the most obvious sign of diabetes ; and diuresis, and 
especially the necessity for micturition during the night, are 
frequently the first symptoms which attract the patient's atten- 
tion to the disease. The daily quantity of urine varies con- 
siderably, according to the severity of the case. The amount 
may be 100, 150, or 300 oz. in the twenty-four hours. It 
has been know^n to reach 640 oz., but in most cases the daily 
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quantity is between 100 and 300 oz. In many of the mild 
cases, in old stout persons, the increase is not great (60 to 100 
oz.), and in the mildest cases (chronic glycosuria) the urine is 
often normal in quantity. Then again, in some of the severe 
cases with marked wasting, which have had a very rapid course, 
I have often found that the amount has not been more than 
90 or 100 oz. 

In most cases, but not in all, the night urine is less than 
the day urine (whilst the opposite condition is met with in 
granular kidney). 

Generally the amount of urine increases with the percentage 
of sugar which it contains. The more sugar is excreted, the 
greater the quantity of urine, and vice versd. 

This is well shown by the following figures from a case in 
which the sugar and urine were very carefully estimated : — 



Date. 



June 1 





2 




3 




4 




5 




6 




7 




8 




9 




10 




11 




12 



Daily 


DaUy 


Amount of 


Amount of 


Urine. 


Sugar. 


Oz. 


Grs. 


230 


4600 


240 


4800 


200 


4200 


150 


2850 


112 


1792 


150 


1800 


150 


2400 


159 


1908 


188 


3384 


258 


5676 


220 


4840 


220 


4400 



Remarks. 



j- Ordinary diet. 



Very rigid nitrogenous 
and fatty diet. 



Ordinary diet. 



But, as V. Noorden i)oints out, there are exceptions to these 
general rules, and the amounts of sugar and urine do not always 
run parallel. 

As the glycosuria increases, the amount of urine also 
increases, but at a slower pace ; hence the urines which are 
greatest in quantity have generally the highest percentage of 
sugar. The urine may sometimes increase in quantity, however, 
without the amount of sugar increasing, and again the urine 
may diminish without a corresponding diminution of sugar 
taking place. As Kiilz points out, two patients may excrete the 
same amount of sugar, and very different quantities of urine. 

The amount of urine is about equal to the quantity of fluid 
taken. It is reduced by a rigid diet of nitrogenous food ; it is 
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H also reduced by na inlercurrent disoaee, iis, for example, by an^ 

H febrile alTectioii; and it often diminishes just before a fatal 

H termination. There is frequently a diminution of urine just 

H before the onset of diabetic coma ; and I have often noticed, 

H when phthisis has developed aa a complication, that towards the 

I termination of life the whole clinical aspect of the illness has 

I changed, the thirst has entirely disappeflred, aud the quantity of 

H uriae has become quite normoL The spontaneous dimiuution of 

H thirst and diuresis, in an advanced case, is therefore by no 

H means u fitvourable sign, though it is very pleasuig to the 

I piLtient. Apart from this final dimiuution, in some cases, from 

I time to time, there is a temporary return of the urine to the 

H normal quantity. Naturally, the amount of urine is 

■ diarrhoea be present. 
H The colour of the urine is very pale — generally light yeU< 

■ or straw-coloured. Very often it has a slight pale f/reenu 
yelloio tint. This greenish tiut I have never noticed in any 
other disease ; it may be detected best by placing the urine glass 
on a sheet of white paper, and looking down from above : it is 
not always present, however, even in severe cases. Diabetic 
urine is bright and clear, and froths in the urine vessel more 
than normal urine. 

When the quantity of uriue excreted is not increased, or is 
only a little increased, then the colour and appearance may be 
those of normal urine. A normal colour generally indicates a 
mild form of the disease ; also I have often observed a pale diabetic 
urine to become darker, almost normal in tint, as fatal coma has 
developed. In one case I noticed a slight pinkish tinge of the 
urine during coma, and yet it contained no blood pigment, and 
no deposit of urates (see p. 142). 

Wlien a mucous cloud is present in diabetic urine, it is 
frequently seen, not at the bottom, but at the wjjpcr part of the 
urine glass. 

On standing, diabetic urine speedily becomes opalescent, 
owing to the rapid development of yeast spores and other fungi. 

Sometimes cases of glycosuria are met with in which fre- 
quent micturition is a troublesome symptom, and yet, when the 
total twenty-four hours' urine is collected, it is found that it is 
not above normal ; the frequent micturition being due to the 
. irritation of the mucous membrane of the bladder by the sacchar- ^^ 
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The odoitr. — Diabetic urine lias often a peculiar sweet or 
aromatic smell, and when coma occurs, or when this termination 
is threatening, generitlly the urine has a peculiar sweet or 
chloroform-like smell — a smell supposed to be due to acetone. 

The taste of the urine was formerly frequently noted in 
diabetes. As Willis pointed out long ago, it is "wonderfully 
Bweet, as it were imbued with honey or sugar." 

The reaction is usually acid. It is often strongly acid, and 
the acidity increases at the onset of diabetic coma. When 
allowed to stand, diabetic mine remains acid for many days, 
and it may even increase in acidity, owing to the development 
of lactic acid by fermentation. 

The specific yramty is increased. It generally ranges between 
1030 and 1045 or 1050 ; sometimes it is even higher stJlL In 
any urine which is clear and iwt hi{ik coloured, if the specific 
gravity be over 1025, there is the strongest probability that 
8u>;ar will be present. Whilst the specific gravity is raised if a 
large quantity of sugar be present, we cannot conclude, if it be 
low, that sugar will be absent Urines are sometimes met with 
in which the specific gravity is low, and yet a small amount of 
sugar is present. 

The specific gravity corresponds broadly to the amount of 
sugar present, and is higher the greater the percentage of sugar, 
»nd vice tersd : but to tliis general rule there are many excep- 
tions. A high specific gravity must not he regarded as a, proof 
of the presence of sugar, nor as an exact measure of the per- 
centage of sugar, since it depends not only on sugar, but on the 
urea and other solids of the urine. A high-coloured urine has 
often a high specific gravity, though sugar is absent. 

The presence 0/ svrjar is, of course, the moat important 
change in the urine in diabetes. Sometimes before the patient 
has noticed any symptoms of the disease, he has been struck by 
the fact that flies have been attracted to his urine. This has 
been due to the sugar which it contained. In other cases the 
patient has noticed that if a drop of urine has fallen on his 
boot, or on to any adjacent object, and has been allowed to dry, 
a white salt-like deposit has been left. 

The sugar present in diabetic urine is gmpe sugar (glucose, 
dextrose). The percentage varies according to the nature of 
the case, from 0'5 up to 8 or 12. The daily quantity of 
excreted also varies. It is often aOOO to 4000 grs. in the 
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tweiity-foiir horn's, but may rise up to 12 or even 25 oz. It 
hiis been stuted to have reached 25 lb, in the twenty -four 
hours. On the other hand, it may fall to 1 oz. daily. 

Besides dextrose, lievulose and other forms of si^r are 
occasionally met with in the diabetic urine : but Seegeu states that 
the preaeueo of lievulose in tlie urine, with or without dextrose, 
is exceedingly rare ; he has found it only once in 1000 cases. 

To estimate the amount of sugar, the total quantity of urine 
for the twenty-four hours must be collected and mixed well, and 
then a sample submitted to examination. 

The sugar increases, in the mild cases, after food, and 
diminishes during fasting; and hence during the night the sugar 
excretion ia at its lowest. Kiilz has shown that in mild cases 
the sugar excretion reaches its highest level between two and 
three houra after a meal. 

In very mild cases, sugar may be absent or greatly diminished 
in the urine which has collected in the bladder during the night, 
i.e. in the urine passed early before breakfast. 

The sugar excretion is increased by starchy or saccharine 
food, and diminished by nitrc^enous diet. Hence, in comparing 
the severity of two cases, or of the same case at dili'ereut 
periods of the disease, it is of importance to know the exact diet, 
as a small amount of sugar, when the patient is on a nitrogenous 
diet, ia of much graver import than a large amount when the 
patient is on a mixed diet. 

The two well-marked types of diabetes, the mUd and the 
severe forms, present points of diSerence with respect to sugar 
excretion. 

In the mild cases, when earhobydrates are withdrawn from 
the diet, the sugar disappears in a few days, aud only when 
carbohydrates are added a;;ain does sugar reappear in the urine. 
In some cases complete withdrawal of carbohydrates is necessary 
to cause the sugar to disappear entirely from the urine, but 
other patients can take a small quantity of carbohydrates without 
the glycosuria returning. In testing the tolerance in these cases, 
a diet practically free from carbohydrates is given ; aud when 
sugar has diBap|)eared from the urine, a little bread ia allowed, 
and this is gradually increased, the quantity being accurately 
noted, until glycosuria reappears. The amount of bread added 
is an indication of the tolerance for carbohydrates. It often 
varies from time to time. 
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ThesL' arc points of practical importance with respect to 
^he examination of iLe urine in mild cases of diabetes, and 
MBpecially iu the examination of the urine in casea of life assur- 
ance. IE the sample be taken from the morning urine, juat 
Sbefore breakfast, it may be free from sugar, and yet the patient 
niay anfler from glycosuria. Also, before testing the urine, it 
pt^ht to be known whether the diet ia mixed or entirely nitro- 
Benoua, as the latter diet may have caiised a glycosuria to 
^lisappear If the urine passed two or three hours after a meal 
■ef mixed diet be free from sugar, then glycosuria of any degree 
may be excluded. 

In the scirrc cases of diabetes sugar is present in the urine, 
in spite of the withdrawal of all carbohydrate food. In some 
cases, when the patient ia taking a restricted diet, containing, 
however, a large quantity of flesh meat (1000 grnis. daily), 
sugar is present in the urine ; but when the flesh meat is 
reduced to 500 grms., the glycosuria disappears (v. Noorden). 

When a diet is prescribed free from carbohydrates, the amount 
of sugar i-emaining in the urine is a measure of the severity 
of the disease. In severe cases, sugar is preseut in the urine 
even during fasting. Schmitz (*) points out that in the severe 
forms the night urine (i.c. that passed early in the morning 
fore breakfast) may contain the greatest amount of sugar 

p. 307). 

In the mild forms of diabetes only the sugar derived from 
the food appeal's in the urine ; in the severe cases sugar appears 
to he formed from albuminous bodies in the system. 

Influence of food on stujar excretion. — No case is so severe 
that no portion of the carbohydrates of the food is burnt up in 
the system ; but some carbohydrates are utilised bettor than others. 
Grape sugar (dextrose) is the carboliydrate which causes sugar 
to be eliminated in the greatest quantity in the urine; whilst 
starch and other carbohydrates are less injurious. Fruit sugar 
(laevuloee) is only about half as injurious as grape sugar; milk 
sugar and cane sugar stand intermediate between grape sugar 
and hevuloae. Fata never increase the sugar excretion, either 
in human diabetes, or in the pancreatic diabetes, or phloridzia 
diabetes of animals. Alcohol in moderate quantity does not 
increase the amount of sugar in the urine. 

Muscular e^wrcise diminishes the sugar excretion in well- 
mrished patients at an early stage of the disease ; the sugar 




lyi 



SYMPTOMATOLOGY. 



being appiirently burnt up iu the miiscles; and Finkler (*) liaa 
ehowQ that miissage has the same action. But in other casee, 
when the piitieut is wasted and the disease chronic, exercise 
increases the sugar excretion (Killz), 

It has been pointed out that mental shock, etc., mar act as 
an exciting cause of the disease ; clinical experience also shows 
that cases of diabetes are made worse, and the sugar excretion 
greatly increased, by nervnue excitement, mental worry, etc. 
The sugar excretion is increased by n long journey, and 
after admission to a hospital, frequently it is higher on the 
first day than a few days later. Gastro-intestinsl symptoms, 
loss nf appetite, and diorrhcea cause a diminution of the 
glycosuria. 

Diminution or arresl of sugar axretion hy intercurrenl affcdion. 
— It has long been known that the sugar excretion may 
be diminished or entirely checked by certain intercurrent 



(a) Febrile affeetiom often have this effect, as, for example, 
typhoid fever, pneumonia, influenza, and chronic febrile con- 
ditions. Thus, in a ease of diabetes of the mild form, in a very 
stout elderly woman at the Manchester Itoyal Infirmary, the 
sugar disappeared from the urine during an attack of infiuenza, 
lo the great delight of the patient, but returneil again when the 
symptoms of influenza subsided. 

(h) When phthisis occurs as a comiiUcation of diabetes, the 
sugar excretion often diminishes, and sometimes ceases entirely 
for a short time before death {see cases on p. 211). 

(p) When ascites, due to cirrhosis of the liver, is present in 
diabetic patients, sugar sometimes disappears from the urine. 

Pusinelli (") records an instructive case of diabetes associated 
with cirrhosis of the liver. The amount of sugar in the urine 
was from 2 to 5 pei' cent. ; but when ascites developed, the glycos- 
uria entirely ceased. After paracentesis for the fourth time, the 
ascites disappeared, and then glycosuria returned. Two and a 
half years later the ascites reappeared, and then the glycosuria 
diminished. 

(rf) During an attack of gout, sugar may disappear from the 
urine. 

(e) Also during an attack of jaundice, the sugar has l>een 
known to disappear. 

(/) When granular k-idttey is associated witli diabetes 
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mellitus, at the temiinal stnge the sugar excretion may entirely 
cease (see p. 218). 

{g) PnnivicUuria, an exceedingly rare complication in diabetes 
mellitus, may cause the glycosuria to disappear. Both in diabetic 
and non-diabetic iwtients, pneumaturia may be due to the en- 
trance of air into the bladder from the intestine, owing to a 
fistulous connection between the two. In these cases, if the 
patient be diabetic, the sugar is still present. But pneumaturia 
is occasionally tbe result of the decomposition of sugar in the 
bladder, owing to tbe presence of micro-organisms or yeast fungi. 
In such cases the sugar disappears from the urine, and gases 
(carbonic acid, hydrogen, and carbnretted hydrogen) are formed 
in the bladder. 

(A) In dinhdir coina, often the amount of sugar diminishes 
considerably. 

It is important to bear in mind that a diminution of tbe 
thirst, diuresis, and sugar excretion is not necessarily a favour- 
able sign in the most severe forme of diabetes ; on the contrary, 
it is sometimes a serious indication. In such cases, if the general 
condition is becoming worse, and the weight of the patient 
diminishing, then the prognosis is bad whatever may be the 
change in the sugar excretion, diuresis, and thirst. Very often 
the chart shows a pleasing diminution of sugar and urine, and 
yet the general condition may be gradually becoming worse. On 
the other hand, in severe cases at an advanced stage, by a less 
rigid diet the sugar may be increafied, but often tbe general 
condition is improved. 

G lycoff en.^ According to Leube ('), the urine of diabetic 
patients contains a small quantity of a substance which gives 
a dark brown reaction with iodine and iodide of potash, and 
_ which is converted into grape sugar by boiling with dilute 
Mulpburic acid. This substance he regards as glycogen. In 
formal urine, and in the urine of a. case of diabetes insipidus, 
bo glya^en was found. 

t/rea. — The amount of urea in the urine is generally stated 

I bs increased in diabetes. The increase, however, is largely 

3 to the great quantity of nitrogenous food taken. In order to 

i whether the diabetic patient excretes more urea tlian a 

iaithy person, it is necessary to keep both on exactly similar 

The experiments of Pettenkofer and Voit have shown that, 

rven when fasting, a diabetic patient excreted about 8 ]. 





174 SYMPTOMATOLOGY. 

more urea than a healthy person. When both were on the 
same medium diet, once the nitrogen excreted was the same in 
each case, three times it was higher in the diabetic patient. 
When both were fed on a non-nitrogenous diet, the nitrogen 
excreted was considerably j^reater in the case of the healthy 
pei*son than in the diabetic patient. 

Gaethgens also found that diabetics excrete more nitrogen 
than healthy persons, wlien both are taking the same diet. 

Seegen (®), from his own observations, draws the following 
conclusions : — {a) The urea excretion is increased (but generally 
not markedly) in almost all cases of diabetes. (6) There is no 
relation between the excretion of urea and sugar, (c) The urea 
excretion is chietly dependent upon the nitrogen of the food: 
the richer the diet in nitrogenous matter, the greater is the 
excretion of urea. In only a few cases is the urea excreted so 
abundantly that it is necessary to refer its origin to the destruc- 
tion of albumin of the body. 

Leo (^) has shown that carbohydrates diminish the nitro- 
genous metabolism. In two severe cases of diabetes, the patients 
were kept for some days on uniform diets, rich in albumin, but 
containing very little carbohydrate. The nitrogenous excretion 
was estimated, and, after this had become stationary, a definite 
quantity of carbohydrates was allowed in addition to the previous 
diet. The nitrogen in the urine and faeces was again carefully 
estimated, and the results showed that the nitrogenous excretion 
in the urine was diminished distinctly when carbohydrates were 
added to the diet. 

Uric acid. — Not infrequently a small deposit of uric acid 
crystals is seen at the bottom of the urine glass, especially in 
mild cases of diabetes. Seegen and Pavy both point out that a 
dark urine and a deposit of uric acid are indications of a mild 
form of the disease. In the severe cases it is somewhat difficult 
to estimate the amount of uric acid, since it is dissolved in a 
very large quantity of fluid, and, as Seegen points out, the usual 
method of estimation is not satisfactory. 

Klilz has found that, in the severe cases of diabetes, the uric 
acid (as estimated by a method of his own) is a little less than 
the normal quantity. 

Ammonia. — In health, according to Hallervorden Q^), 0*5 to 
I'O t^rm. of ammonia is excreted in the urine dailv, and on a 
meat diet the amount may increase to 1*2 or 1*5 grm. (v. Noorden). 
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In many cases of diabetes, but not in all, tbe excretion of 
ammonia is increased, and may equal from 3 to grms. A 
moderate increase may be present for weeks or months (v. Noor- 
den). In diabetic coma the amount is greatly increased, but the 
urine has still an acid reaction ; and, as Stadeimann (*') points 
out, since the basic elements are out of proportion to the acids 
known to us, it is probable that some unusual acid is present in 
these cases. Stadelmonn thought that this acid was crotonic 
acid ; Minkowsky and Kulz believed it to be ^-oxybutyric 
acid. 

The hrtatine- of the urine is greatly increased in diabetes, 
owing to the excess of nitrogenous food, and to the increased 
muscular wasting. 

Oxalates. — Sometimes an abundant deposit of oxalate of lime 
ie found in diabetic urine, both in mild and severe cases. 

Inorganic salts. — Sodium chloride, the sulphates and phos- 
phates, are increased, owing to tbe large amount of nitrogenous 
food and to the great destruction of albuminoids. Many 
observers ('^' ") have shown that the excretion of lime salts 
in the urine is increased in diabetes. Recently Teubaum(") 
has reinvestigated this point From the results of his observa- 
tions on twelve cases, he concludes that in the severe form of 
the disease the excretion of lime salts is considerably increased, 
whilst in mild forms the excretion is normal, or only a little 
above the normal amount. 

The proportion of total solids to the water is diminished. 
Indican is often present in excess. 

In diabetic urine generally there is no deposit at the bottom 
of the urine glass, but, as already mentioned, occasionally there 
is a deposit of uric acid, or oxalates, or a mixture of mucus 
and phosphates. 

Albuminuria. — Sometimes albumin as well as sugar is found 
in the urine of diabetic patients. The proportion of such cases 
IB estimated differently by various authors^frora 5 to 66 per 
cent. Schmitz ('*) found albuminuria present in 824 out of 
1200 diabetic cases. But some authors include in their statis- 
tics of albuminuria only those cases in which there is distinct 
evidence of nephritis ; whilst others include all cases in which 
there is the slightest trace of albumin. Much depends also on 
tbe class of cases from which the statistics are drawn. 

The albuminuria of diabetes may exist in two forms — (1) 
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lu the most common form only a small quantity or a trace of 
albumin is detected, and there are no other indications of kidney 
mischief. (2) In the second foiiu, in addition to the albumin- 
uria, there are other eigne of Bright's diseaee (cedema, headache, 
albuminuric retinitis, cnrdio-vascular changes, etc.). There may 
be all the indicatioiia of parenchymatous nepliritis, and a lai^e 
qiiantity of albumin along with casta may be found in the urine ; 
the albumin may gradually increase, and the sugar gradually 
diminish, until finally the sugar disappears, and the albumin only 
remains. In other eases, symptunis of granular kidney are 
present ; the speciHc gravity oE the urine diminishes, and finally 
the sugar often disappears. The disappearance of the sugar and 
the change of the general symptoms to those of chronic Bright's 
disease are grave prognostic signs. 

In the second group of cases, the kidneys, on post-mortem 
examination, present well-marked signs of chronic parenchy- 
matous or intei'stitial nephritis, but in the first group only 
slight and microscopical changes are met with. These are 
described on p. 220. 

Bouchard points out that a slight albuminuria is often 
observed when phthisis occurs as a complication of diabetes. 
Also in elderly diabetics a small quantity of albumin is not 
infrequently met with in the urine, and is often accompanied by 
an excess of uric acid. 

In the majority of cases of diabetes met with in hospital 
practice in Manchester (most of which belong to the severe 
form of the disease, accompanied by marked wasting), not a 
trace of albumin can be found in the urine when the patient 
comes under treatment, but, as the disease advances, albumin 
appears. At first only the slightest trace can be detected, but 
in time the amount of albumin often increases a little ; it nearly 
always remains small in quantity, however, and other indications 
of nephritis do not develop. This small quantity of albumin often 
disappears and reappeara. In the last stage of these severe 
cases, a trace or small quantity of albumin is nearly always 
present. 

A large amount of albumin and other indications of nephritis 
are not common in cases of diabetes seen in hospitals, but in 
private practice, where many cases of the mild form of diabetes 
in elderly people are met with, this complication is more 
frequent 
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Albuminuria in 100 Cases of Diahetes. 

( Mostly hospital (MitientSj sutferiDg from a severe form of the disease, and often at an 

advanced btage.) 



1 

1 


Remarks. 


Cases. 
Albumin al>sent when urine first 
examined in . . 70 


In fourteen of these a trace of albumin 
appeared at a later date. 


Small quantity or a mere trace of 
albumin in . . . . 26 


Seven of these were at a very advanced 
stage ; one was comatose when first 
examined. In two the albumin dis- 
appeared at a later date. 


Large or considerable quantity of 
albumin in . . . . 4 




100 


Albumin present in 80 \tef cent, of patients when first examined. 
,, ,, 42 per cent, at a later stage. 



In ninety-six of the hundred cases there were no indications 
of nephritis or organic disease of the kidney. 

With respect to the traces of albumin, it is well to bear in 
mind that not infrequently the saccharine urine gives rise to 
irritation of the prepuce, and balanitis results ; and in the female, 
inflammation of the vulva may arise from the same cause. A 
little purulent discharge becomes mixed with the urine in either 
case, and occasionally this is the cause of a trace of albumin in 
diabetic urine ; but no doubt in many cases the albumin is of 
renal origin. 

In all the cases of diabetic coma which I have examined, 
the urine has contained a trace or small quantity of albumin 
(see p. 285), and Maguire(^®) states that albuminuria is always 
present in diabetic coma. The urine may be quite free from 
albumin shortly before the onset of coma. Sometimes the 
appearance of albumin is the forerunner of coma ; but, on the 
other hand, a trace of albumin is often present for a long 
period, and coma may never develop, and the patient may die 
of phthisis or some complication. 

Casts. — With the exception of the cases in which diabetes 

is complicated by parenchymatous or interstitial nephritis, casts 

are not usually detected in the urine, even in the severe forms 
12 
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when a truce or small quantity of albumin is present Kiit whafl 
diabetic coma occurs, as Kiilz (''■ '*) has pointed out, an abundant 
deposit of casta is met with. In these cases the urine is often 
slightly turbid when first jiassed, from the presence of minute 
floating piirticles. On standing, a greyish-white sediment is 
deposited at the bottom of the urine glass, and if a little be 
examined under the microscope, it is found to consist of enormous 
numbers of casts. Often a. remarkable appearance is presented, 
the whole field of the microscope being crowded with tube-casts. 
The casts are granular or hyaline, studded with fine grannies. It 
is important to watch the urine in advanced or severe cases of 
diabetes for the appearance of this greyish-white or flocculent 
deposit. It has been already pointed out that there is occasion- 
ally u de])osit of mucus and phosphates in diabetic urine; but 
usually it does not sink quite to the bottom of the urine glass. 
The deposit of casta, however, lies e.\aetly at the bottom of the 
glass, it is more of a greyish colour, and more opaque than the 
mucus deposit. If a deposit should appear in the urine in severe 
or advanced diabetes, it ought to be examined carefully for casta ; 
when detected they are generally, though not invariably, a sign 
of approaching coma (see p. 285). 

Diabetic urine, when allowed to stand, soon becomes opalescent, 
owing to the development of yeast fungi; and when kept for 
some time a white deposit may form, which, under the micro- 
scope, is found to consist of fungus spores. But occasionally, 
even when recently passed, the urine contains fungus spores and 
myeelia with a few pus cells and epithelial scales. As will be 
mentioned on p. 224, in diabetes sometimes an inHammation of 
the prepuce in the male, or of the vulva in the female, is 
produced by the constant irritation of saccharine urine. In 
these cases there is often a growth of fungus on the inflamed 
mucous membranes of the genital oi^ans, and from these inflamed 
parts, fungus spores and myeelia, pus cells and epithelial scales 
may be washed away, and give rise to a slight deposit or turbidily 
in the urine. 

Thus, in a ease of diabetes of four years' duration, the urine, 
when recently passed, presented a slight turbidity, and numerous 
flocculent masses were seen suspended in it. Under the micro- 
scope I found these flocculent masses to consist of epithelial 
scales, a few pus cells, fungus spores, and myeelia. The urine 
gave the very slightest reaction for albumin. An examination 
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of the geuital organs revealed teJema of the prepuce and penis, I 
with marked phimosis and balanitis. The end of the prepuce J 
was much inllamed, and coated with a number of white patchee.. I 
When scraped away and examined microscopically, these white I 
patchea were seen to consist of epithelial scales, mixed with 1 
fungus spores and raycelia. The epithelial scales, fungus spores, 
and mycelia in the urine had evidently been washed away from i 
the penis. 

In another case (a youth of 19) the recently passed urine j 
contained a small white sediment. On examination microscopic- 
ally, I found it to consist of epithelial squamea, with fungus 
spores and mycelia. This patient was suffering from balanitis, ' 
and on the mucous membrane of the glans penis a few 
white patchea were seen ; when scraped away and examined 
microscopically, they were found to consist of epithelial squames, 
pus cells, fungus spores, and mycelia. The fungus spores and 
mycelia in the urine were evidently derived from these patches, 

In n third case a diabetic urine was slightly turbid and 
a trace of albumin was present. Microscopical examinatioD 
revealed the presence of a considerable number of pus cells and 
epithelial scales. On examination of the penis, a slight balanitis 
was found, and there were a few white patches on the glans penis. 
Uy strict cleanliness the balanitis disappeared in a few days, and 
the urine became quite free from turbidity and albumin. 

I have sometimes found the tirine of female diabetic patients 
slightly turbid, owing to the presence of numerous epithelial and 
pus cells. In these cases there has been great irritation of the 
vulva by the saccharine urine. 

Gcrkardi's Tcactimi ; h-omnisk-red coloration with pei-cMoride 
of iron ; (liacctie acid. — In the severe forms of diabetes, especi- 
ally in young patients, or iu patients who are markedly wasted, 
the urine often gives a dark brownish-red coloration with a 
solution of perchloride of iron. In these cases a few droje of the 
liquor ferri perchloridi (B.P.) added to the diabetic urine, generally 
causes a slight white precipitate of phosphates at hrst, which 
disappears on adding a little more of the perchloride solution, 
whilst the fluid becomes of n dark brownish-red or Bordeaux-red 
colour (Burgundy wine colour). The coloration is usually 
attributed to the presence of diacetic acid On this point 
there is a little difference of opinion, however, and some authors 
believe that it is not due to diacetic acid, but to the presence 
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uf fill organic compound ciosely allied to it. The pxact cauae C 
the perchloride of iron reaction is fully diseuBBed by Maoiuunn iii 
his work on the " Clinical Chemistry of Urine " {^'*). 

Salkowaki could not obtain the perchloride of iron reaction 
in the ether exU'act from the urine, but could do eo in the ether 
extract when (for u conliol experiment) diacetic acid waa added 
to normal urine. 

Tlie urine has frequently a peculiar smell resembling chloro- 
form — the so-called acetone smell — when the reaction with 
perchloride of iron is obtained. 

It is often stated that if the urine be boiled before the 
perchloride of iron eohiLion ia added, then no reaction occurs; 
also that the colour produced by perchloride of iron disappears 
on boiling, Put boiling for a few minutes is not sufficient. 
In many casi'S «bieli I have examined, I have found, after 
vigorous boiling for si-xirai iiihuUiS, that the urine gave a much 
fainter reaction when perchloride of iron was added, but a slight 
brown colonr waa still obtained. Also by vigorously boiling the 
urine, for a few minutes only, after the perchloride of iron has 
been added, I have found that the dark brown colour diminishes, 
but does not entirely disappear. For the detection of diacetic 
acid in the urine, v. Jaksch (*■) gives the following process : — 

" To llie urine a fairly concentrated solution of perchloride 
of iron is c<iutiously added, and if a phosphatic precipitate 
forms, this is removed by filtration and more of the perchloride 
of iron solulinn supplied. If the Bordeaux-red coloration appeal?", 
one poi^tion of the urine is boiled, whilst another is treated with 
sulphuric acid and exti-aeted with ether. If, now, the urine which 
has been boiled shows little or no change, whilst the perchloride 
of iron reaction in the ethereal extract is no longer evident after 
twenty-four to forty-eight hours; and if at the same time (on 
testing the urine directly and its distillate) it is found to 
be rich in acetone, the condition may be inferred to be that of 
diaceturia." 

This coloration with perchloride of iron is not found in all 
cases of diabetes; it is not present in all severe cases, but it is 
present in a large proportion of such cases at a late period 
of the disease; whilst in the mild form of diabetes, and in 
the earlier stages of the severe form, it is generally absent. 
It is usually, thongh not invariably, associated with marked 
constipation. The reaction is always an indication of a seveie 
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form of the disease, and in cfisca in wliich it is obtained it 
imiwrtant that tiie diet should not be too rigid, i.e. that carlxi- 
hydrates should not be exdiided entirely. If this be done 
there is considerable risk of diabetic coma developing. The 
reaction with perchloride of iron often varies very much from 
time to time. In severe forma of diubetes, when phthisis has 
ileveloped as a complication, eonietimes the sugar excretion 
finally ceases, and a reaction with perchloride of iron can no 
longer be obtained. In diabetic coma the urine generally gives 
the reaction with perchloride of iron, but not invariably. I have 
often found that the reacLiuu has become more and more marked 
for a few days before the onset of coma, Init when the comatose 
Bymptonis have developed the reaction has become a little leaa 
marked. 

This brown-red coloration with perchloride of iron is occa- 
sionally met with in other diseases besides diabetes, though 
such cases are rare. It has been observed sometimes in febiile 
affections, and in acute diseases, in measles, scarlet fever, pneu- 
monia, etc. It has also been met with occnsionally in cases of 
cancer of the stomach, and cancer of other organs, in Bright's 
disease, ^)eritypblilia, strangulated hernia, hysterical anorexia 
with vomiting, and, according to Dreschfeld, occasionally 
in Graves' disease. A similar coloration is obtained with 
/9-oxybutyric acid. The urine of patients who are taking 
salicylic acid, salicylate of soda, or salol, contains salicyluric acid 
and gives a purplish -brown coloration with perchloride of ii-on. 
This resembles somewhat the above mentioned brownish-red 
coloration obtained in diabetic urine, and often it is inferred that 
the urine of these patients contains diacetic acid. But if the 
coloration be carefully noted, a difference will be readily detected 
by the naked eye ; that given by perchloride of iron in the wrine 
of patients taking sodium salicybite has much more of a violet 
or purple tint, that given with diabetic urine has more ot a 
brownish colour. The diRerence in tint is very marked if the 
contents of the test tube be placed in a urine gloss, and well 
<Iiluted with water in each case, 

A coloration resembling Gerhnrdt's reaction is obtained with 
perchloride of iron in the urine of patients taking other drugs — 
antipyriu, thalline, phenocoll, salipyrin. 

Aectotic. — Urine which contains diacetic acid, or which 
gives a brownish-red coloration with perchloride of iron, generally 
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contains a considerable amount of acetone also. Tlie following 
are the chief clinical teats for this substance : — 

Legal's test. — To several c.c. of urine in a test tube a few 
drops of a concentrated, freshly made solution of sotlium nitio- 
prusside are added. The mixture is then made alkaline with 
liquor potassEC. A red coloration is produced which soon dis- 
appeai-B ; but when a little acetic acid is added, a deep violet-red 
coloration is the result, if acetone be present. If acetone be 
absent, the urine has its usual yellow colour after adding the 
acetic acid. 

Ze Nobel's test is also useful ("). To an ounce of urine add a 
dnvchm or two of a solution of nitroprnsside of sodium (5 grs. 
to the ounce), and then a few drops of liquor amnionine ; dilute 
with water, and allow to stand. After a short time a pinkish 
violet coloration will develop. 

The production of iot/o/orm' irom the distillate of the urine is 
the most delicate test for acetone. About half a litre of urine is 
placed in a retort and distilled, a little dilute phosphoric acid 
being added to prevent too great effervescence of the liquid. 
(The reaction may also be obtained from a few ounces of urine.) 
To about 'iO o,c of the distillate a few drops of a solution of 
iodine in potassium iodide are added, and a few drops of a 
solution of ctiustic potash. When acetone is present, a precipi- 
tate of iodoform will occur. It is light yellow in colour, and has 
the characteristic smell of iodoform, which can bi^ detected 
readily. Under the microscope this precipitate is seen to consist 
of hexagonal plates, or staiB or rosettes of the hexagonal system. 
Other substances in the urine, such as alcohol and lactic acid, 
give a similar reaction, however. 

Italfe has proposed the following test for acetone: — Die- 
solve 4 drms. of imtassium iodide in 1 oz, of liquor potassiE. 
Fhice 1 drm. of this solution jn a test tube, and boil. Then 
very carefully add a drachm of urine so as to lloat on the surface 
of the alkaline iodide solution. At the line of junction a white 
cloud of phosphates will form, which after a short time will 
become yellow if acetone be present. The feathery phosphates 
will be seen tipped with yellow points where iodoform is 
deposited ; these after a time fall through the cloud, and deiwsit 
at the bottom of the test tube. 

v. Noorden (*') gives the following method for the quantitat- 
ive estimation of acetone: — 
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To 100 c.f.. of urine, 1 cc, of concentrated glacial acetic 
acid ia added, and the mixture distilled until three-fourths of 
the fluid have passed over. To the distillate five drops of dihite 
aulphnric acid (25 per cent.) are added. Urea cryfituls are 
removed, and after cooling well the fluid is again distilled. To 
the second distillate caustic potaeh is added, and then nn excess 
of a solution of iodine in potassium iodide. A precipitate of 
iodoform forms. This is collected, after six hours, on a weighed 
filter and washed with distilleJ water. After the filter and 
precipitate have become dry, they are placed in an exsiccator 
with sulphuric acid, and weighed after one and a half to two 
hours. One grm. of iodoform corresponds to 0147 grni. of 
acetone. 

The urine and the breath of patients suffering from the 
severe forms of diabetes have often a peculiar sweet smell — 
sometimes described aa a chloroform smell. This smell re- 
sembles that of acetone ; and acetone may be detected chemically 
both in tile urine and in the breath in such cases. This acetone 
smell of breath and urine is generally noticed in diabetic coma. 
A similar smell of the breath is sometimes met with iu febrile 
affections. 

During the last ten years the occurrence of acetone and 
diacetic acid in the urine (acetonuria and diacetonuria) has been 
carefully studied by v. Jakach, Biermer, Hirschfeld, Rosenfeld, 
and many others. According to v. Jaksch, normal uriTie con- 
tains minute traces of acetone. It ia very often present itt large 
quatitity in diabetic urine, especially in the severe forms of the 
disease and in diabetic coma. In the mild forms of the disease 
both acetone and diucetic acid are absent. Acetone is also 
present in some mental disorders, and in these cases may be 
the result of a gastro-intestinal auto-intoxication. Acetonuria 
occurs sometimes in febrile affections, such as typhoid, scarlet 
fever, measles, in some cases of cancer of the stomach and 
other organs, in some cases of gastric disorders, and in 
starvation. It has been attributed to increased albumin de- 
struction in the system, and to fermentative changes in the 
alimentary canal. 

Hirschfeld i^) has shown that iu healthy persons acetone ifi 
excreted in ([uiinlity in the urine, if the diet consist only of 
ulbuminous and fatty food ; but it is at ouce reduced (to the 
normal trace) if carlwhyd rates be added to the diet. The action 
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of carbohydrates is to Bpiire the destruction of albumins; bur 
a quantity of carbohydrate food, too small to iiifltienoe the 
iilbumin metabolism very much, lius a marked action on the 
acetone excretion. Also, when the destruction of albumin is 
spared, and the loss of albumin has ceased, owing to the addition 
of fatty food to a nitrogenous diet, Hirachfeld has found that the 
abundant acetone excretion still continues. It appears, therefore, 
that the absence of carbohj'dratea from the diet is a cause of 
acetonuria. The acetonuria of fevers, cancer, or gastritis dis- 
appears when carbohydrates are taken and assimilated (Hirsch- 
feld). 

Eoaenfeld (**) has shown that if a healthy person be put on 
an ejcclueively nitrogenous diet, which is commenced in the 
morning, then acetonuria occurs by the evening of the second or 
by the morning of the third day. He found that the acetonuria 
produced by a flesh diet was removed by the addition of 
carbohydrates, and he points out. also, that whenever there is 
great destruction of the albumin of the body, it occurs if 
carbohydrates bo excluded from the food. It is present, for 
example, in starvation, or when a purely nitrogenous diet is 
taken. In the mild form of diabetes, acetonuria is only pro- 
duced by a nitrogenous diet, just as in healtliy persons ; but 
in the most severe cases, it occurs in spite of carboliydrates 
being present in the diet. In severe cases of diabetes there is 
then a true pathological acetonuria, — an acetonuria which cannot 
be removed by the addition of carbohydrates to the food,— -and 
often there is also diacetonuria. A strictly nitrogenous diet 
generally produces acetonuria in healthy persons, but in such 
cases diacetonuria rarely occurs, and, if present, it is very slight. 
In diabetic coma, acetone is almost invariably present in the 
urine ; and it has often been obsor%'ed that, after giving 
an exclusively nitrogenous diet, in severe cases of diabetes, 
acetonuria and coma have developed. 

According to Hirschfeld, a high degree of acetonuria, or an 
increase of the acetone in the urine, are indications of approach- 
ing coma. 

A number of observations, recorded during the last five years, 
appear to show that, in patients who have shown signs of 
commencing coma, these symptoms have sometimes been arrested 
by the addition of a small quantity of carbohydrates to the diet 
(see p. 329). 



A 



ox YB UTYRIC A CID. 1 85 

P-oxyhtttyric acid, — This acid is found in the urine in certain 
cases of diabetes of the severe form, and its presence in consider- 
able quantity (i.e. more than several grammes per diem) is of 
grave prognostic significance. In most of these cases, if the 
excretion of j8-oxybutyric acid continues for a few days or weeks, 
diabetic coma develops. Though this is the general rule, there 
are exceptions, and occasionally the acid is excreted for a long 
period without the development of coma. 

According to v. Noorden (^), the presence of ^-oxybutyric 
acid may be inferred — 

(1) When the amount of sugar indicated by the titration 
method with Fehling's solution is considerably higher than the 
estimation by polarisation. Grape sugar rotates the plane of 
polarised light to the right, oxybutyric acid to the left ; hence, 
when the latter is present, part of the dextro-rotatory power 
of the grape sugar is neutralised, or, if a great quantity of 
oxybutyric acid is present, the urine may even rotate the plane of 
polarised light to the left. 

(2) When the urine, after complete fermentation with yeast, 
rotates the plane of polarised light to the left. 

(3) When the urine, after precipitation with basic acetate of 
lead and ammonia, rotates polarised light to the left. By this 
treatment the grape sugar is precipitated whilst oxybutyric acid 
remains in solution and passes over in the filtrate. 

* V. Noorden {wints out that positive results with these tests 
render the presence of oxybutyric acid exceedingly probable. 
The patient ought not to be taking henzosol, however, since this 
substance renders the urine levo-rotatory. The presence of 
lievulose in the urine does not lead to any fallacy, if the second 
and third tests give a positive result. 

In order to detect ^-oxybutyric acid with absolute certainty, 
however, other more complicated methods must be employed.^ 

The Blood. 

A drop of blood, obtained by pricking the finger of a diabetic 
patient, does not generally present any change to the naked eye. 
It has sometimes appeared to me, however, that diabetic blood 
was slightly darker in colour than normal blood. 

' See Minkowski, Arch,/, exper. Path, u. I^harmakol.y l>eipzig, 1886, Bd. xxi. S..140 ; 
aud Kttlz, Ztschr.f. Biol., MUnchen, 1887, Bd. xxiii. S. 321. 
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Reaction. — The blood is alkaline in diabetes. Even during 
coma the reaction ia distinctly alkaline. Nevertheless, careful 
estimations by many observers have shown that the alkalinity 
is diminished in severe foraia of diabetes with loss of Heah, 
whilst it is normal, accorJiug to v. Noordeu (^''), when the 
general condition is good. 1 n cases ot diabetes in which 
oxybutyric acid is present in the urine, and in cases of diabetic 
coma, the alkalinity of tho blood is said to be greatly dimiuiBhed, 
and to be lower than in any other disease (v. Noordeu). But 
the reaction of the blood ia never acid, and by using litmus 
test jjapers containing varying quantities tif oxalic acid (specially 
prepared for determining the alkalinity of the blood, according 
to the method proposed by Haycraft and myaelf (^)), I have 
always obtained a very decided alkaline reaction, even in diabetic 
coma shortly befoi'e deatJi. 

Pcrccnlarjc of wain: — According to Leichtenstein and v. 
Jaksch, the percentage of water in diabetic blood is slightly 
dimtnished, and according to the latter author (**) the percentage 
of albumin ia increased. But v. Noorden points out that this 
slight diminution of the pei'centage of water and increase in that of 
-the solids is not constant : in some cases, the proportion is normal. 
or there may be even an increase of the percentage of water. 

Tin specific 'jravitif of diabetic blood has been stated to be 
increased, but Jame3(**) has found it to be within the normal 
limits in ten caaea, which he haa recently examiued (according 
to Koy's method). 

Number of red corpuatles and amount of hamoglobiri, — Many 
observers have found that in diabetes mellitus both the number 
of red corpuscles and the amount of haemoglobin in the blood 
are often actually greater than normal. Leichtenstein and others 
have suggested that the cause of this coudition ia the poverty of 
the blood in water, and the consequent concentration thpreof, owing 
to the polyuria. James has shown that, in thirteen cases, the 
red corpuscles were over 6,000,000 per c.mm. in 5 ; 5,000,000 
{i.e. normal) in 5; 4,000,000 in 2; 3,000,000 in 1. The 
hiemoglobin was over 100 per cent. (i.e. above normal) in 3 ; 60 
per cent, in 8 ; 50 per cent, in '2. In these cases the specific 
gravity, as ascertained by Roy's method, showed no distinct 
increase, as would have been expected if the increase of blood 
corpuscles had simply been due to deficiency iu the percentage 
of water. 
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The following are the results of the enumeration of red 
hlood corpuscles in a few cases of diabetes which I have recently 
examined, the greatest care being taken to avoid any Eource of 
fallacy in the examination : — 
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The following table shows tbe number of red blood cor- 
puscles, the percentage of ha-moglobin, and the specific gravity 
of the blood in fourteen cases of diabetes, examined by 
James : — 

Diabetic Hlood. 
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The above figures show that often there is an increase in the 
number of red corpuscles in diabetes ; but this condition is not 
constant, and sometimes they are diminished. Diabetes mcllitns 
appears to differ, therefore, from many chronic ailments, in the 
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fact tiiiit it ia not necessarily assosiated with any diminution of 
the number oE red corpuscles, the numlier per cubic millimetre 
being frequently actually increased. The amount of hceraoglobin 
is sometimes normal, sometimes diminished, sometimes increased, 
us shown by the above table. In cases examined at the 
ifcinchester Royal Infirmary, it has been sometimes normal and 
sometimes increased slightly. 

Leucocytes. — There is no definite change in the proportion 
or the number of white corpascles of the blood in diabetes, but, 
ncoordiug to v. Limbecl< ('*), the leucocytosis accompanying diges- 
tion is frequently very well marked in severe coses. 

G-lyaxjm in. the Uuod. — Gabrischewsky (^') has drawn 
attention to the excess of glycogeu, which can be detected by 
microscopical examination of a cover-glass preparation of the 
blood in diabetes. A small drop of diabetic blood is placed on 
a cover-glass, another cover-gliss is placed on the top of it, 
and then lightly drawn over the first one — care being taken to 
avoid pressure as much as possible. In a few seconds the thin 
film of blood is dry, and the cover-glass may then be mouni 
in iodine gum of the following composition : — 



loduie 1 

Potassium iodide 3 

Water, to which an excess of pure f;um-!iniljie 

has been added ..... 100 



H stani 

^b face. 



The glycogen of the blood can be detected in two forms — (1) 
In the multinuclear neutrophile leucocytes, as intracellular 
glycogen ; (2) as free extracellular glycogen, which arises from 
the degeneration of leucocytes. In normal blood only the extra- 
cellular glycogen can be recognised with certainty by the 
action of iodine on cover-glass preparations ; but in diabetic 
blood, minute specks of glycogen, stained deep brown with the 
iodine, may be seen distinctly in some of the leucocytes, and 
the amount of extracellular glycogen is two or three times 
more than that seen in cover-glass preparations of normal 
blood. 

IJpmmia. — A milky appearance of diabetic blood has occa- 
sionally been observed on post-mortem examination. In other 
cases it has been reported to have had a pink colour, and on 
standing a milky or cream-like serum has separated on the sur- 
face. This cream-like coudition of the serum has been shown. 
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by microscopical and chemical examination to be due to the 
presence of fat globules. 

Analysis of the blood in a number of cases has shown that 
sometimes the percentage of fat has been greatly increased. The 
mean amount of fnt in human blood (including under this term 
all the constituents of the ethereal extract of blood, namely, 
neutml fats, cholesterin and lecithin) is stated by Becquerel and 
Eodier to be 1*6 parts per 1000 of blood, the maximum being 
3*25 and the minimum 100. Gamgee (^-) obtained the follow- 
ing results, however, on examination of the blood from two 
cases of diabetes terminating in coma:— ^ 

Case 1. 





Blood drawn during 
lafe. 


Blood collected after 
Death. 


Water in 1000 parts . . 

Total solids .... 

L'*i,««^«i r Neutral fats) 

extract \ cholesterin 


744-6 
255-4 

10-8 
1-96 


757-7 

242-3 

(9 86) 

1155-13-35 
214) 



Case 2. — Blood coUecied after death. — Ethereal extract of 1000 
parts of blood, 1 '88 parts ; cholesterin contained in ethereal extract, 0*642 
parts. 

Schmidt found the amount of fat in the blood of two cases 
of diabetes 1*82 and 2*13 per 1000 respectively. Hoppe- 
Seyler found the fat considerably increased in the blood in four 
cases of diabetes. 

During life I have examined drops of the blood from 
numerous diabetic patients microscopically, but have never met 
with any indication of fat globules in the serum ; also, the 
addition of perosmic acid has not revealed the presence of any 
fat globules. Frerichs has obtained similar negative results. 

AcetoiKxmia. — On post-mortem examination the blood of 
diabetic patients has sometimes the same peculiar smell as that 
which is often noticed in the breath of severe cases during life — 
the so-called acetone smell. By distillation, acetone has been 
obtained from the blood of patients who have died of diabetic 
coma, by several observers, but has not been obtained by others. 

Glycolytic ferment. — The observations and the views with 
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respect tu the presence of a glycolytic ferment and the amount 
thereof, in normal ami in diabetic blood, are discussed on p. T9, 

SiHjaT in (/mt hlood. — It was shown long ago that the blood of 
diabetica contains an excess of sugar, and the sugar in the urine, 
in most eases, if not in all, is the consequence of this hyper- 
glycemia. According to Pavy (''), there is a constant relation 
between the sugar in the urine and that in the blood, any 
increase in the latter is shown by an increase in the glycosuria. 

Normal blood contains a small quantity of sugar. In the 
blood fi-om the general circulation this sugar is glucose, as 
shown by its reaction to fermentation, polarisation, Fehling's 
solution, and phenlhydrazin ; but in the blood of the portal 
system the sugar has a lower cupric-oxide reducing power than 
that of glucose (Pavy). 

From a collection ot upwards of a hundred observations upon 
the dog, cat, rabbit, sheep, ox, horse, and pig, Pavy concludes 
that the amount of sugar normally present in the blood of the 
general circulation may be stated to range from about 0'6 to 1"0, 
or a little over 10 per 1000. 

Seegen (**) has obtained results somewhat similar in animals 
(the figures being a little higher, however). He has also 
estimated the quantity of sugar in normal human blood ob- 
tained by wet cupping. In the blood from ten healthy men the 
average quantity was 0-17 per cent. 

In diabetes the amount of sugar is often greatly increased; 
it may reach 2'T to 57 per lOOO (Pavy) ; Seegen has found it 
as high us 0-47 per cent. Seegen states that whilst the blood, 
in the severe form ot the disease, contains a great excess of 
sugar, in the mild forms sometimes the percentage of sugar has 
not been above the normal limit. It is interesting to note that 
in phloridzin diabetes it is stated that the blood sugar is not 
increased, though this has been disputed. 

The estimation of the amount of sugar in normal and 
diabetic blood requires cousidej^able care and some experience of 
delicate chemical analysis. In a work devoted to the considera- 
tion of diabetes from the clinical standpoint, it is scarcely 
necessary to describe the usual method ot quantitative estima- 
tion, since they can only be applied to large quantities of blood ; 
and us venesection is not now performed in cases of diabetes, 

Lsuch quantities can riirely be obtained in medical practice. ^^^ 

The reader may be referred to the following works fojH^I 
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details ilh to the method of quantitative eRtimntion of Bugnr i 
the blood ; — 

Pavy, F. W.— " Croonian Lecture on Certain Points eonneeteil with J 
niabotes," London, 1878 ; "Physiology of the Carbohydrates," London, 
1894, p[>. 58-80. Sbkoen, J., "Die Zuckerbildun^ im ThierkSrper," 
Berlin, 1890, S. 11. v, Jaksce. — "Clinical Diagnosis," translation by I 
Cagney. 

For clinical methods of estimation of the nmount of glucose 
in the blood, see pp. 195-96. 

A simple method, of distingtiiahing diahetw/rom non-diabetic Mood 
— The decolorimtion of methylene blue. — In order to detect the 
difference between diabetic blood and non-diabetic blood, from the 
amount ot augivr present in each, it is necessary to examine a 
considerable quantity of blood, and I am not aware that any method 
has Intherto been proposed by whicli the excess of sugar can be 
detected by the examinatiou oF a drop of blood obtained by 
pricking the patient's linger, But by the following method the 
diH'erence between diabetic and non-diabetic blood can be easily 
demonstrated clinically (^ ""' *'). 

Whilst making a number of blood examinations, it occun-ed . 
to me to try the eHect of adding a drop of diabetic blood to 
a Bolntion of methylene blue.^ I was surprised to find that 
diabetic blood was much more powerful than non-diabetic blood 
in removing the colour from a warm alkaline solution of 
methylene blue. I found that, on heating a small quantity of 
blood and methylene blue solution in certain proportions, the 
colour was removed in the case of diabetic blood, but not when 
non-diabetic blood was employed. The reaction is so sensitive, 
that the difTerence between noji-diabetic blood and the blood 
from a well-marked case of diabetes can be easily demonstrated 
in a drop of blood obtained by pricking the finger, and I have 
frequently demonstrated this difTerence to medical students and 
friends. 

The following is the exact method whicli I have used ; — 

A smalt narrow test tube* is well cleaned, and at the bottom 
of the tube are placed 40 c.mm. of water. To measure this I 

1 By mUtake the term mrtliyl blue wbb uwd in place of methylene bine ia my Bnt \ 
<l>iicri]>tioD of the above luelhod, |iabluhed in the Brit. Med. Jinirit., LoDitou, Kept 

10, isoe. 



10, isoe, 

'II la important .. . 

with which the air cornea 



w lesttnbe, bo that the nppcr siirfuce of tlie 
:t, may be u small aa ponibU. 
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have used the capillary tube of a Gowera' hitmoglobinometer, 
which is graduated for 20 cmm. The tip of one of the patient's 
fingers is cleaned and dried, then pricked, and when a large 
drop of blood haa escaped, it is sucked up into the small 
capillary hiemoglobinu meter tube ; 20 cmm. of blood are taken 
up from the fiTiger. The blood is then blown gently into the 
water at the bottom of the small teat tube. IE it should adhere 
to the side of the tube, it must 
be corefully shakeu to the bottom. 
Then 1 c.cm. of a 1 in 600O 
watery solution of methylene blue 
is added. (To measure this I have 
used the 1 c.cm. tube supplied 
with Southall's ureometer.) To 
the mixture, finally 40 cmm. of 
liquor potassie are added. The 
contents of the tube are then 
well mixed by shaking. As a 
control experiment, a second test 
tube of similar size is taken, and 

I into this is placed the same 

quantity of non-diabetic blood, with 
the same proportion of water, 
methylene blue, and liquor potasste. 
The iluid in each tube has a 
fairly deep blue colour. Both 
tubes are then placed in a beaker, 

^ ,, . .1 , , . , „ I .. capsule, or very wide test tube 

Flo. 11.— Author's t«it for ill»belio '^ . . ■' ,^ 

blood; end o( rpactiou ; flul.l iu contammg water. Heat is applied 

tube conuinlng aormBi blood, by a spirit-lamp Until the water 

blue; that in tube containiuH , ., .^ . ,, . , .. 

diabetic Uoo.1, J-.110W. '""'8; 't; IS allowed to continue 

boiling for about four minutes. 
By the end of this time the fluid in the tube containing the 
diabetic blood changes its colour from fairly deep blue to 
a dirty pale yellow (almost the colour of normal urine). Whilst 
the fluid in the tube containing the non-diabetic blood remains 
blue, occasionally it becomes bluish green, sometimes pale violet, 
but it is never decolorised, that ia, it never loses ita blue colour. 
The tubes should be kept quite still whilst in the water bath, 
as, by shaking, the decolorised methylene blue is oxidised by the 
oxygen of the atmosphere, and a blue tint may then return to 
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the fluitl. Tliis is the reason why it is necessary to use a water- | 
bath, since, if the test lubes be lieated directly over the spirit- I 
lamp, it is difficult to avoid shaking of the Huid. I 

I have made fifty exnmiiiatiane of diabetic blood according I 
to this method, in twenty cases of diabetes melliUis. Seveiiteeu ' 
were suffering from a very severe form of the diseiise. In every 
examination, ill all of the twenty cases, a 1 in 0000 eoUttion | 
of methylene blue was readily decolorised when the test was 
carried out, as described above. In very severe cases a solu- 
tion of methylene blue of double strength (1 in 3000) was also 
decolorised, I have made a large number of examinations of 
normal blood, but have never found the methylene blue solution 
to be decolorised when the above-described proportions of fluid 
were used. I have also examined the blood in 100 patients 
who were not suffering from dialietes. These 100 cases included 
the most varied ailments, often at a very advanced stage, aueh 
as diseases of the heart, lungs, stomach, liver, nervous system, 
the various forms of auii-mia and Bright's disease, purpura, 
leucocythEeniia, gout, rheumatism, lead-poisoning, cancer of various 
organs, jaundice, and many other aHections. I have never met 
with any case amongst the non-diabetic patients, in which a 1 in 
6000 solution of methylene blue was decolorised when the test 
was carried out as above described. On the other hand, diabetic i 
blood has always decolorised tt readily. I 

With respect to the cause of this marked difference between 
diabetic and uon-diabetic blood, it is most natural to attribute it 
to the excess of sugar present in the former. It is known that 
grape sugar readily removes the colour from a warm alkahne 
solution (]f methylene blue. I have found that diabetic urine 
decolorises a 1 in 3000 solution, even when diluted to such an 
extent that the amount of sugar is only 0'07 per cent 

If the decolorisation produced by diabetic blood be due to 
the excess of sugar pi'esent, then one would expect that by using 
a lai^er proportion of normal blood a similar decolorisation would 
resiJt, since the percentage of sugar in many cases of diabetes is 
not more than three times the normal percentage. Tiius one 
would expect that the amount of sugar would be almost the 
same in a mixture of 20 c.mm. of blood from a severe case of 
diabetes 4-1 ccm. of methylene blue solution + 40 c.mm. of 
liquor potass*, as in a mixture of 60 c.mm. of normal blood + 
1 ccm. of methylene blue solution and 40 c.mm. of liquor 
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potassie. I have found that when tbe litst-DiPutbned proportions 
of noriual blood and solution are used, the hliie colour is removed, 
as in the case of diabetic blood. But since diabetic blood and 
normal blood diPI'er in other reapects, in addition to the difference 
in the percentage of sugar, I have not been able to prove that 
the above reaction, in the ease of diabetic blood, is due simply 
to the excess of sugar, and it is quite possible that there nmy be 
some other causes. 

In one case which I examined, the patient was sufiering from 
a severe form of the disease, the urine contained a large amount 
of sugar, and the methylene blue solution waa readily decolorised 
by the blood. In this case phthisis develojwd ; and when the 
lung symptoms became very advanced, the amount of sugar in 
the urine greatly diminished, until finally the urine did not give 
any immediate reaction on boiling with Fehiing's solution; oxide 
of copper only being thrown down when the sokitinn was cooling. 
Nevertheless the melbylene blue solution was still decolorised 
fairly well by 20 c.mm. of the patient's blood, though it is pro- 
bable that at this late stage the blood only contained a small 
excess of sugar. In another mild case of diabetes (in which 
there was no thirst, no diureuis, and in which the total quanlitjr 
of sugar eiicreted per diem was only 1008 grs.) this blood 
reaction was obtained distinctly. In a very mild case of 
glycosuria, in which there was no exce.'Jfi of urine, I obtained 
the reaction quite well. The test is exceedingly delicate, but it 
is possible that in the mildest forms of glycosuria the reaction 
may not always be obtained, or may only be obtained when 
different proportions of the fluid are used. 

I believe by the above-described simple method — by the 
docolorisation of a warm alkaline, 1 in GiiOO solution of methylene 
blue — it is possible to easily distinguish the blood of an ordinary 
case of diabetes mellitus from that of a healthy person or non- 
diabetic patient; and the teat ia so sensitive that it can be 
employed when only a drop of blood can be obtained, as by 
pricking the patient's finger. 

In cases in which the urine cannot be obtained for eitamina- 
tion, this blood test will be of service in diagnosis. 

The reaction is interesting pathologically, and it might be of 
value clinically if a diabetic patient were seen for the first time 
in a comatose condition, and no urine could be obtained for 
examination. 
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My observations have been since confirmed by Lupine and i 
Lyonnet (" "" ^), by P. Marie and Le Goff (»» "■" **), Loewy, j 
Goldseheider, and others (*'). 

Le Go9' (") has made a number of observations on the ' 
amount of methylene blue solution which is decolorised by 
diabetic blood. Hia researches show that not only mil diabetic 
blood decolorise a larger quantity of alkaline methylene blue 
solution than normal blood, but also the rapidity of the reaction 
is greater. Thus Le Goff found that 20 cmm. of the blood of 
a diabetic jjatient was able to decolorise 1 c.c. of a methylene 
blue Holutiou in one to two minutes, whilst 20 cram, of normal 
blood decolorised the same quantity only at the end of ten 
minutes. 

Two clinical methods of estimating the amount of sugar in 
the blood, based on the methylene blue reaction, have recently 
been worked out by Lyonnet and Le Goff respectively. 

Lyonnet'e (**) method is as follows: — 

The email tube of a Malassez's hiemoglobinometer ia filled 
with blood up to the mark 1, and with distilled water up to 100. 
The mixture is then placed in a glass tube, and two drops of 
potash solution are added. The tube is placed in a small vessel 
of boiling water. Then drop by drop, from a graduated tube, 
a 1 in 4000 solution of methylene blue ia added, until the 
mixture acquires a persistent blue colour. When the blood of 
the dog is employed, it is necessary to add ten drops, in order 
to obtain a persistent blue colour. In man the results are 
practically the same. 

In cases of cardiac disease, dyspepsia, cancer of the uterus, 
and gangrene, the number of drops of methylene blue solution 
required were 11, 9, 8, 9, respectively. 

In the cuae of a dog rendered diabetic by the removal of the 
pancreas, thirteen to fourteen drops were required. 

The results obtiiined in three diabetic patients were as 
follows : — 



Case 1. — Uriue, 50 grms. of sugar per litre . 



20 drops of methylene 
blue required for 
above reaction. 



Lyonnet thinks that there is a certain relation between the 
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glycosuria and the quautitj of methylene blue dccolorisetl by the 
blood of diabetic patients, and that this method, even if not exact, 
will indicate roughly whether a Email or large quantity of sugar 
ia present in the blood, 

Le Goff {^) estimates t!ie amount of sugar in the blood 
roughly, by ascertaining the quantity of an alkaline Eolutioa ot 
methyleue blue which must be added to a definite quantity of 
blood before a persistent blue colour is obtained when the Suid 
is heated. The method is as follows : — 

Twenty cmm. of blood are taken from the finger and placed 
in a small tube, with 1 e.e, of a 1 in oOOO solution of methylene 
blue (containing 1'5 mgrms. of potash per c.c), After 
mixing well, the tube is placed in boiling water. The blue 
colour of the mixture disappears. More of the alkaline 
methylene blue solution is added, until a blue colour is obtained, 
which pei-sists for at least a quarter of an hour. 

With normal blood, the mean quantity of methylene blue 
solution required was found by Le Goff' to be 1256 c.mm. 
With diabetic blood the quantity was always great — 2550 to 
3000. 

P. Marie and Le Goff (^ ""' **) have employed the following^ 
clinical method for estimating the quantity of sugar in the blood 
more exactly : — 

By means of a graduated Pravaz syringe, 1 c.c. of blood ia 
taken from one of the veins in front of the elbow, and added 
drop by drop to 6 or 8 c.c. of alcohol (9G°) in a small gla&a 
tube. The mixture is well shaken for ten minutes, and then 
allowed to staud for twenty-four hours. The albumins, biemo- 
globin, and glycogen are precipitated. The precipitate is filtered 
off, washed in alcohol, and the sugar in the alcoholic extract 
estimated by an alkaline solution of methylene blue of the 
strength given above. 6500 cmm. of the solution correspond 
to 1 mgrm. of glucose. The tube containing the alcoholic 
extract is not placed in boiling water, but in hot water having 
a temperature of 80° to 90 . 

The following is an example of this method : — 

One ac. of blood was taken from a diabetic patient, and 
treated as above described. The alcoholic extract amounted to 
6 C.G. One c.c. of this extract was mixed with 3000 cmm. of 
alkaline methylene blue solution, and the tube placed in hot 
water at 90° at 3.15 a.m. 
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At 3.25 the fluid completely decolorised ; 250 cmm. of m.-blue added. 
„ 3.30 

250 



„ 3.37 

„ 3.44 

„ 3.45 

., 3.47 

>i 

5> 



>» 250 „ „ 



,, 250 „ ,, 

100 

., 150 „ ,, 

250 



3.55 

4.15 the blue colour persists. 

Total quantity of methylene blue solution added to 1 c.c. of the 
alcohol extract = 4500 cmm. 

Quantity required for the 6 c.c. = 6 x 4500 = 27 c.c. 

The strength of the blue solution is such that 6*5 c.c. corresponds 

to 1 mgrm. of glucose. Hence the sugar in the alcoholic extract is 

27 

-— = 4*15 mgrms. Therefore the blood contained 4*15 grms. of sugar 

per litre. 

Staining of red corpuscles in diabetes, — Bremer (**) has dis- 
covered that the red corpuscles of diabetic blood stain green when 
a cover-glass preparation is treated according to a certain method, 
with a special solution of eosin and methylene blue, whilst the 
red corpuscles of non-diabetic blood stain purple or madder 
colour when treated in the same manner. L<5pine and Lyonnet 
{^) have confirmed Bremer's observations, but have also found 
that the red corpuscles of the blood in a case of leucocythaemia 
stained green just in the same manner as the red corpuscles of 
diabetic blood. 

The following are the details of the Bremer method : — 
A cover-glass preparation of blood is made in the usual 
manner, and a thin, even film obtained. For comparison, a 
similar preparation of normal blood is made. Both are placed in 
a wide-mouthed bottle or glass, containing equal parts of alcohol 
and ether (10 grms. of each). This vessel is then placed in hot 
water, and the ether-alcohol allowed to boil for four minutes. 
The cover-glasses are then stained in a solution prepared in the 
following manner : — Saturated watery solutions of eosin and 
methylene blue are mixed in equal parts. A precipitate forms ; 
this is filtered off, washed, and dried. It is then reduced to a 
powder, and one twenty-fourth part of eosin and one-sixth of 
methylene blue are added. From 0*025 grm. to 005 grm. of this 
mixture is dissolved in 10 grms. of a 33 per cent, solution of 
alcohol. This staining fluid does not keep well, and must be 
freshly prepared shortly before the cover-glasses are stained. 
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After remaining in the above fluid for four minutes, the cov< 
glasses are washed in water. The film of diabetic or glycosQi-io 
blood 13 stained aap or bluish green, the non-diabetic blood 
reddish violet. Under the microscope the red corpuscles of 
diabetic or glycosuric blood are stained green, whilst those of 
nou-diabetic blood are stained of purple or madder colour. 
Bremer found this reaction in fifty cases of diabetes mellitus or 
glycosuria, and believes that in these disesses a diagnosis can be 
made by examination of a drop of blood. In a postscript he 
adds that in one case recently examined be has obtained negative 
results. 

Le Goff (*') has carefully investigated the colour reactions 
of diabetic blood. He has employed eosin-methylene-blue for 
this purpose. A saturated watery solution of eosia is mixed 
with a saturated watery solution of methylene blue (the propor- 
tion of the two solutions is not stated — probably the author 
intends equal volumes to be used). The precipitate which 
foriuB is washed in water, then dried. Five cgrma of thia 
substance are dissolved in 20 to 25 grnis. of alcohol (30°). The 
solution is then filtered. Cover-glass preparations of blood 
(normal and diabetic) are heated in a hot chamber for two 
hours, at a temperature of 120° C, and then stained in the 
above solution, washed in distilled water, dried with filter paper, 
and mounted in xylol balsam. The red corpuscles of normal 
blood are stained, the colour varying from a clear purplish rose 
colour to a dark maroon, whilst the red corpuscles of diabetic 
blood are pale green, yellowish green, yellowish or unstained. 
The nuclei of the white corpuscles are stained blue, and in other 
respects are the same, both in normal and diabetic blood. 

Le Goff has confirmed the results of Bremer, and has 
recorded a number of interesting observations on the colour 
reactions of diabetic blood. 

More recently Bremer (**) has pointed out that the blood 
of patients su Bering from diabetes mellitus can be diatin- 
guislied from normal blood by the following reactions to aniline 
stains : — 

A drop of blood ts smeared by means of a slide over a second 
slide, so as to cover about one-third or one-half of the surface. 
A number of slides are prepared from diabetic and uon-diabetio 
blood (the latter for control staining). As the reaction can be 
seen by the naked eye, tolerably thick layers of blood are 
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employed, and these have, as nearly as possible, the same 
thickness. The blood preparations are now heated in a hot-air 
chamber for six to ten minutes, at a temperature of 125° C. 
It is important to avoid heating the preparations over 140*" C. ; 
also they should not be heated for more than ten minutes. 
The slides are then stained in a 1 per cent, watery solution of one 
of the following stains : — Congo red, methylene blue, Biebrich 
scarlet, or in Ehrlich-Biondi's staining fluid. Slides of diabetic 
and non-diabetic blood are treated exactly in the same manner 
for comparison. The results are as follows — Congo red : stain for 
one and a half to two minutes, then wash rapidly in water, and dry : 
the non -diabetic blood is stained, whilst the diabetic preparation 
is not stained, or only indifferently stained. Methylene blue 
stains non-diabetic, but not diabetic blood. With Biebrich 
scarlet the diabetic blood is stained deeply, the non-diabetic is 
unstained. If preparations be placed in Ehrlieh-Biondi's fluid 
two to three minutes, the diabetic blood is stained orange, whilst 
the non-diabetic blood is stained violet. Beautiful contrasts are 
obtained by double staining. Preparations of diabetic and non- 
diabetic blood are stained in a 1 per cent, watery solution of 
methylene green for one and a half to two minutes and then 
washed. Both preparations are green, the diabetic being more 
deeply stained. They are next placed in a ^ per cent, watery 
solution of eosin for eight to ten seconds. The diabetic 
preparations remain green ; the non-diabetic take the eosin 
stain. Similar results are obtained with methyene blue and 
eosin. 
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CHAPTER X. 



SYMPTOMS, COMPLICATIONS, AND PATHOLOGICAL CHANGES 

IN CONNECTION WITH THE VARIOUS SYSTEMS. 



Besides the changes in the uriue and blood, there are a, number 
of prominent symptoms, Tlie most important are : — Thirst and 
increased appetite; great weakneaB aud emaciation iu the severe 
forms of the disease ; a harsh, dry skin ; often a red, raw-looking 
tongue. These will be best considered, however, under the 
abnormaUties met with in the various systema 

Tempcralnre. — In diabetes the temperature is generally normal 
or subnormal. 

In diabetic coma it is usually very low — 95°, 94°, or lower. 
Occasionally, though exceedingly rarely, it is high, just before 
death in diabetic coma. A high temperature may be also 
caused in diabetes by the occurrence of various complications. 

The Alimentauy Canal, Livkr, akd Pancreas. 

Saliva. — The mouth of the diabetic patient is dry, and the 
saliva as a rule scanty ; occasionally, though very rarely, 
pytaliam occurs. The reaction of the saliva, even the parotid 
fluid collected from Steno's duct, is usually acid. Almost with- 
out exception, the saliva is free from sugar — Frerichs ('), v. 
Noorden O. 

V. Noorden states that sometimes he has failed to obtain the 
aulphocyanide reaction. 

Gums and teeth. — On the gums aud soft palate white 
patches are sometimes seen iu advanced cases. These are due 
to the growth of fungus spores and mycelium ou the superficial 
epithelium, and may be prevented by careful cleanliness. 

The gums often become red and intiamed ; they are some- 
times spongy and swollen, and bleed easily. The teeth often 
become loose and fall out ; they are frequently carious ; and 
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sometimes these dental troubles occur at an early stage of the 
disease. Alveolar periostitis occasionally occurs. 

The tongue is often very red and abnormally clean; 
frequently the surface is cracked and raw in appearance, the 
epithelium being deficient In mild cases, however, the tongue 
is often moist, and coated with a thin yellowish-white fur. 

Thirst is one of the most characteristic symptoms, and often 
the first indication of the diseasa The onset of thirst is occa- 
sionally quite sudden, and the patient is able to state definitely 
the time of the day or the hour when it first commenced (see p. 
164). The patient takes enormous quantities of liquids, 10 to 
13 pints or even more per diem, and still the thirst continues. 
Some diabetics complain more of dryness of the mouth than of 
thirst. In a case already referred to, the patient complained of 
a salty taste. Sometimes the thirst is so great that sleep is 
prevented or much disturbed ; as a rule it runs parallel with 
the sugar excretion, and diminishes when this is reduced or 
arrested by a restricted diet (see p. 167). In some of the very 
mild cases of diabetes, thirst is absent or very slight, and even 
in severe cases, which run a fairly rapid course, occasionally 
thirst is not a very prominent symptom ; the patient does not 
complain of it, but when questioned admits that he is more 
thirsty than formerly. At the last stage of the disease, when 
phthisis occurs as a complication, the thirst may diminish and 
finally disappear just before death. 

The appetite is generally increased, often enormously so. 
As Seegen puts it, many patients describe their condition as if 
they had " a hole in the stomach." This great increase in the 
appetite is met with chiefly in the severe forms of the disease, or 
in the mild cases, so long as carbohydrate food is taken in large 
quantities. In the latter class of cases, if carbohydrate food be 
excluded from the diet the hunger subsides. 

Thirst is a much more constant symptom than hunger. 
Sometimes, in the very severe form of diabetes, the appetite is 
not increased or is only slightly increased, especially at a late 
stage when there is great wasting, when advanced phthisis is 
a complication, or when catarrh of the stomach is present, owing 
to a prolonged nitrogenous diet, or to other causes; and in 
certain mild cases there is no increased appetite. In the last 
stage of the disease there is often marked anorexia. 

The digestive power of diabetic patients is generally very 
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good, and persons whose dig&stion has previously been feebia 
often inaprove markedly in thia respect after diabetes develops. 
Dyspeptic individuals who have previously found it necessary to 
be very cautious in the choice of their diet, often lose all their 
dyspeptic troubles after the onset of diabetes, and can take 
large quantities of food with impnnity. 

Soiuetimea signs of gaslric catarrh, impaired digestion, and 
loss of appetite are met with, when the patient has been kept 
for some time on a very rigid diet. Occasionally dilaialion of 
the stomach occurs as a corapUcation, especially when the treat- 
ment has been neglected, and when the patient has taken 
euormous quantities of food. Gastric idctr has also been recorded 
as a complication, but it is exceedingly rare. 

The gtistric juice has been examined by Gans(^). Honig- 
mann(*), Roseustein('), and othera, but the variations in the 
amount of hydrochloric acid have been mostly within the normal 
limits; sometimes, however, free hydrochloric acid has been 
absent. Roaenstein has shown that free hydrochloric is sometimes 
temporarily, sometimes permanently, absent from the gastric 
juice. He believes the former cases to be due to gastric neurosis, 
and the latter to interstitial gastritis, with extensive atrophy of 
the mucous membrane. 

Karl Grube (*) has observed gastric crises, resembling those 
of tabes doraalis. The patient is suddenly seized with violent 
pain in the abdomen, especially at the pit of the stomach ; this 
is accompsiuied by abdominal distension and eructations. Nausea 
and vomiting of acid material occur, and sometimes diarrhoea 
and cramps in the legs follow. 

Intestines. — Diabetic patients very frequentlj- suffei' from 
constipation, which is sometimes very obstinate, and which is 
increased if a nitrogenous diet and opium are prescribed. The 
constipation is in part the result of the nitrogenous diet ; but 
this is not the only cause, since constipation is a common 
symptom, when the patient's diet has not been restricted ; it 
is common also amongst diabetic patients on admission into 
hospital, even when there has been no restriction of diet and 
when no opiates have been taken. In severe cases of diabetes, 
when the bowels are markedly constipated, frequently the urine 
gives a dark browuish-red coloration with perchloride of iron 
(diacetic acid reaction), but if the constipation be reUeved by 
pnri,'atives, I have frequently found that the perchloride of iron 
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reaction has become less marked or has disappeared. Occasion- 
ally, but rarely, I have found the perchloride of iron reaction 
when the bowels have not been constipated. 

Sometimes, especially in chronic cases, the patient suflers 
from diarrhoea. This is a serious complication, and rapidly 
undermines the patient's strength, since the absorption of food 
is hindered, and the amount of fatty food must then be limited. 
Hence diarrhoea ought to be energetically treated by opium, 
chalk, etc. Sometimes the diarrhoea is of a dysenteric 
character. 

In diabetic coma the bowels are generally constipated 
(seventeen out of twenty-seven cases, see p. 275), and obstinate 
constipation often precedes coma, and appears to be a predispos- 
ing factor. Hence it is especially necessary to prevent prolonged 
constipation in advanced or severe cases of diabetes. Schmitz 
drew attention to this point. He thought it probable that when 
the bowels of diabetic patients remained constipated for a pro- 
longed period, toxic substances were formed in the intestines, 
and to the absorption of these he attributed the coma. Some- 
times, though very rarely, diarrhoea is present in diabetic coma, 
and an attack of diarrhoea at an advanced stage of diabetes 
occasionally appears to be the exciting cause of coma. 

Fatty motions — steatorrhosa, — It is well known that some- 
times in diseases of the pancreas, a great excess of fat is foutid 
in the motions, though this is by no means a constant symptom ; 
also Abelmann has shown that after complete pancreas extirpa- 
tion in animals, the fats of the food are not absorbed. Natur- 
ally one would expect that, in cases of diabetes associated with 
disease of the pancreas, analysis of the faeces would show an 
excess of fat. I do not know of any series of cases, of diabetes 
associated with pancreatic disease, in which such an analysis has 
been made. 

Hirschfeld (^) has drawn attention to a class of cases of 
diabetes in which the assimilation of albumins and fats is very 
considerably diminished^ and these he regards as forming a new 
clinical variety of the disease. 

Marked jpatlwlogical changes in the stomach and intestines are 
not frequent and not characteristic. 

In ninety-two cases examined at the Vienna Pathological, 
Institute, and recorded by Seegen (^), the following changes were 
noted : — 
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Dilatation of the stomncli in 6 

Ecuhymoses in the gastric mucous inenibraDe . . „ 5 
Marked sweUing and redness of the gastric mnROUs 

mcmbrHno . . . . . . ,, 3 

Mnrked acuta intestinal catnrrh . . . . . ., 4 

„ clironic catarrh of the large intesliuo . . ., 1 
Tubercular ulceration of the intestine, asHociated with 

tuberculosis of the lungs ,2 



In the poat -mortem records of fifty-five cases recorded by, 
Frerichs {*), the stomach is often reported to be normal, often 
dilated, and often thickening of the walls ia recorded; but no 
churacterislic or important change was observed. In diabetes, 
complicated by phthisis, tubercnliir ulceration in the intestines 
was sometimes recorded, and in two cases a dysenteric condition 
of the lai-ge intestine was observed. A thick layer of fungus 
growth was ofte,n present in the mucous membrane of the 
(esophagus and fauces. In many cases the mesenteric glands 
were enlarged. 

Thx llvei: — Sometimes during life the liver is found to bo 
enlarged, owing to hyperiemia, fatty infiltration, or cirrhosis. 
This enlargement is met with chiefly in obese or gonty diabetics 
who suffer from a mild form of the disease. Amongst hospital 
patients suffering from the most aevere form of diabetes with 
wasting, generally no enlargement of any imijortunoe can 
detected during life. 

Glcnard {'") states that he has found changes in the liver, 
examination of the abdomen, in 60 per cent, of diabetic patientft 
Hypertrophy was the most common change (34'5 per cent, of 
the cases). But GlL'nard's statistics weie bused on 324 cases 
met with in private practice at Vichy, and these cases would no 
doubt include a large number of the mild forms of diabetes in 
gouty and elderly people. Certainly, in the severe cases of 
diabetes wliich have come under my observation, it has been 
rare to detect any noteworthy enlai^ement of the liver during 
life. 

Obese diabetic patients sometimes suffer from gall stones; 
but in hospital patients this complication is exceedingly rare. 
Probably it does not occur in more than 1 per cent, of the 
cases. 

The relation of liver affections to diabetes has been discuBseA. 
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already on p. 116, and the diseases of the liver occasionally met 
with are there referred to. 

Pancreas. — Changes in this gland have been already described 
(p. 140) ; but during life it is not yet possible to diagnose, with 
certainty, whether a case of diabetes is, or is not, due to pan- 
creatic diseasa 

Lancereaux has drawn attention to the association of disease 
of the pancreas with a severe form of diabetes, in which there is 
marked wasting, and in which the disease runs a rapid course. 
But in diabetes of this form the pancreas is sometimes normal 
(as is shown on p. 156); also the pancreas has sometimes been 
found diseased when the patient has not been wasted. 

As a rule, no evidence of pancreatic disease can be detected 
in the diabetic patient on examination of the abdomen during life. 

V. Noorden Q^) is inclined to attach some importance to 
the following symptoms as indications of pancreatic diabetes, 
though their occurrence, and especially their combination, is 
no doubt exceedingly rare : — 

1. Proof of a tumour of the pancreas (carcinoma, cyst, 
hydatid, etc.). 

2. History of severe colic, which cannot be referred either 
to the kidneys or liver, but which, from its position, is suggestive 
of a calculus in the pancreatic duct. 

3. The occurrence of maltose in the urine (found twice; 
importance not clear). 

4. Steatorrhoea or excess of fat in the motions, unassociated 
with jaundice. 

5. Presence of great quantities of nitrogenous material in 
the faeces. 

The Lungs. 

The most important and most frequent lung complication 
in diabetes is tubercular phthisis. 

As to the frequency of tubercular disease of the lungs in 
diabetic patients, there is considerable difference of opinion. 
V. Noorden (^) states that at least one-fourth of all diabetic 
patients in Germany suffer from phthisis. According to some 
writers, especially physicians who practise at the continental spas 
which are much frequented by diabetic patients, tuberculosis is 
not a common complication. But the discrepancies can be easily 
explained. 
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As has been poiiiteil out by Seegen ('^) and others, tuber- 
cular diaease is most common in poor, hard-working people. 
These patients often do not come under treatment until a late 
stage of the disease, and their general conditions of life and 
surroundings usually predispose to phthisis. Hence phthisis is 
common in diabetic hospital pntients. Age is also of importance. 
In young diabetic patients tuberculosis is frequent, and these 
coses usually temiinato either in diabetic coma, or in phthisis ; 
whilst in elderly persons, especially obese or gouty patients, 
tuberculosis is comparatively rare. 

Physicians who practise at the various continental spas are 
consulted chiefly by patients in good circumstances, and see a 
large number of cases of the mild forms of the disease, such as 
occur in stout or gouty elderly persona ; and these are just the 
patients who suffer least from tubercular complications. 

In Manchester, tubercular disease of the lung is a commoQ 
complication amongst hospital patients. 

In the last 100 consecutive cases of diabetes, in which I 
have made a careful examination of the lungs, I have obtained 
the following results : — 

Cuat. 

Physical signs of advanced phthisis . . . .14 
(In twelve of these the signs were most marked at the 
apex of the lungs ; in two, at the base.) 

Slight signs of phthisis at the apex , . . .14 

Tubercular phthisis found poat-mortem, not detected 
during life . . ...... I 

In IQO consecutive cases phthisis present in . . .29 

The majority of the cases were hospital patients, and most 
were suffering from an advanced or severe form of diabetes. In 
twenty-seven the signs were most marked at the apices of the 
lung. Many of these were proved to be tubercular, either by 
subsequent post-mortem examination, or by the detection of 
tubercle baedli in the sputum. Probably all of the twenty- 
seven were tubercular. Of the two cases in which the physical 
signs were at the base, one was proved to be non-tubercular (see 
p, 212); in the other case the question was not definitely settled. 

Ne.xt to coma, tubercular phthisis is the most common ter- 
mination of diabetes. It is well known that when marked 
tubercular phthisis has once developed in a diabetic patieut, as 
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n, rule, death does not occur from coma. To this general rule 
there are occasional exceptions, however. I recently saw a case 
of diabetes in which there was very advanced tuberculosis of the 
lungs, and yet death occurred from coma ; but such cases are 
rare. In young patients, if death does not occur at a com- 
paratively early stage from coma or some accidental inter- 
current disease, tuberculosis of the lungs generally develops. 

In the last forty-two fatal cases of diabetes which have come 
under my observation, the termination has been as follows : — 



Coma ......... 

Asthenia from phtMsis and lung disease (six tubercular, 

one non-tubercular) .... 
Acute double pneumonia 
Cardiac failure ..... 
Gangrene of foot ..... 
Asthenia from cirrhosis of the liver 
Pya?mic condition (multiple abscesses of the liver, cerebro- 

spmal mteningitis) 



Ca-ses. 

29 



7 
1 
2 
1 
1 



1 



42 



In the last twenty-four cases of diabetes which I have seen 
or have made the autopsy, there has been — 

Cases. 

Tubercular disease of the lungs in . . 12 I kj ». 

XT 4 u 1 i^^v • • . 54 per cent, 

rf on-tubercular phthisis m . . . . 1 j 

Lungs not affected by phthisis in . . .11 

24 



Tuberculosis of the lungs was thus found post-mortem in 
about 50 per cent, of the cases; lung affections in 54 per cent. 
[These cases were mostly hospital patients.] 

Seegen(") gives the following results of the post-mortem 
examination of the lungs in ninety-two cases examined at the 
Pathological Institute of the Vienna General Hospital during 
the time Kundrat was professor of pathology : — 



Tuberculosis of the lungs in 
Croupous pneumonia 
Lobular „ 

(Edema of the lungs 

14 



Carry forward 



Cases. 

40 

9 

8 

13 



70 
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Brought fonvanl 
Hyperieiaia ......... 

Diffuse gangrene of the lungs ..... 

Localiged gtingrene through the ruptiue of an oxtenaive 

ulcerated cancer of the ceeophagus . . . . 1 i 

Htepiorrhagic infarct 1 | 



Tubercular phthisis is then by far the most common form 
of lung disease in diabetes. It was formerly stated tbnt phtliisis 
in diabetes was frequently non-tubercular, but certainly this is 
not correct. In all the cases of which I have seen the autopsy, 
the lung affection has been tubercular with one exception (this 
case will be referred to later). Fi'crichs ('*) is very dogmatic 
on this point. The following are the changes in the lung found 
post-mortem in fifty-five of his diabetic cases : — 



Tubercular disease (with pneumothot 

Croupous pneumonia 

Gangrenous pneumonia . 

Lobular pneumonia with suppuratioL 

Lungs normal in . 



Q three) 



17 



It has been stated that there is often difficulty in detecting 
tubercle bacilli in the sputum in the tubercular phthisis of 
diabetic patients. I have not found this difticulty myself. 
Gabbett's method of staining is the one I have always employed. 
In seven consecutive cases which I recently examined, I found 
tubercle bacilli readily in six ; in the other case the sputum 
was frequently examined by myself and others with negative 
results, and the case jiroved to be non-tubercular post-mortem, 
Saundby ('") also states that he has not had any difficulty in 
detecting tubercle bacilli in the sputum. 

There are several peculiaritiea with respect to tubercular 
phthisis occurring in diabetic patients, as was pointed out long 
ago by Jaecoud ('0, Leyden ('*), Seegen, and others (^''). Tuber- 
cular lung disease in diabetes usually runs a comparatively 
latent course. Frequently tubercular phthisis is found post- 
mortem when the disease has not been diagnosed during life; 
and the post-mortem changes are nearly always much more 
extensive than has been suspected from the symptoms and 
physical signs. 



Off i 
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Cough and expectoration are comparatively slight, as a rule. 
The temperature is not much raised ; it may even be normal 
(Leyden). Haemoptysis is very rare. In all the cases of tuber- 
cular phthisis which I have seen, haemoptysis has been absent 
even up to the last. 

To these general rules there are exceptions. I have occa- 
sionally seen abundant expectoration in later tubercular phthisis 
of diabetic patients, and Leyden mentions that he has seen slight 
Jiaemoptysis in a few cases. 

In two cases which I saw a short time ago, the phthisical 
symptoms had chiefly attracted the attention of the patient and 
his medical attendant, and the primary diabetes had not been 
diagnosed. 

Tubercular disease of the lung is a most serious complication 
of diabetes. The disease often runs a rapid course, and I am 
not aware that diabetic phthisis ever heals. 

When phthisis, tubercular or non- tubercular, complicates 
diabetes, often the glycosuria finally diminishes, and it sometimes 
happens that sugar disappears from the urine shortly before 
death. Three such cases have come under my observation : the 
sugar disappeared a few days before death in one case, one week 
before death in the second, and six weeks before death in the 
third. All three had been most severe cases of diabetes, with 
marked thirst and diuresis, and the urine had given a distinct 
brownish-red coloration with perchloride of iron. With this 
disappearance of sugar the thirst and diuresis also ceased, and 
the whole clinical aspect of the cases, in the last stage of the 
disease, gradually changed from diabetes to phthisis with marked 
wasting. 

The pathological changes in the lungs in diabetes have been 
very carefully described by Dreschf eld (^). Pathologically, 
the tubercular phthisis of diabetes is found to be due to a 
chronic caseous tubercular broncho -pneumonia. It generally 
nms a more rapid course than the tubercular phthisis of non- 
diabetic persons. Caseation occurs rapidly, and the diseased 
parts soon break down and form cavities. There is no tendency 
to cicatrisation. Anatomically, the usual phthisical changes are 
met with in the lungs — caseation, cavities, isolated tubercular 
masses, and sometimes pneumothorax also (Dreschfeld). Micro- 
scopically, the usual appearances are met with : peribronchial 
infiltration, interstitial changes, broncho -pneumonic infiltration 
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of the alveoli, giant-cells, anrl endarteritis. Thickening of the 
pleurfE, with adhesioue and occasionally pleuritic tubercles, is 
alao met with, 

Leyden points out three pathologieul peculiarities, in a 
number of cases of the tubercular phthisis of diabetes which 
he reports. 

1, That miliary tubercles were absent. 

2, That giant-cells rarely occurred in the tubercular parts. 

3, That obliterating arteritis was much more extensive than 
in ordinary cases in non-diabetic subjects. 

Tubercular ulcers are sometimes present in the intestines in 
cases of diabetes complicated with pulmonary tuberculosis; but 
with the exception of the intestines, tuberculosis is generally 
limited to the lungs, and tubercular affection of otlier organs ia 
very rare. Occasionally, however, tubercles have been found in 
the larynx, kidneys, and liver. 

Chr&iiic pneumonic {non-luhercvlar) phthisis. — Whilst phthisis 
in diabetic subjects is uudoubtedly tubercular in the majority 
of cases, still occasionally, though very rarely, a non- tubercular 
form is met with — - a chronic fibroid phthisis or chronic 
pneumonic non - tubercular phthisis. As above mentioned, 
in twenty-four cases of diabetes, at the autopsy tubercular 
phthisis was present in twelve, non -tubercular in one. This is 
the only case of non -tubercular phthisis I have ever seen 
in a diabetic subject. It was under the ca,re of Dr. Harris at 
the Manchester Eoyal Infirmary, and is described by him in the 
British Medical Journal, 2Sth November 1896. In this case 
the sputum was repeatedly examined for tubercle bacilli with 
negative results. Guinea-pigs were inoculated with the sputum 
by Dr. Harris, but no tubercular disease was produced. Post- 
mortem examination showed that the disease \vas non-tubercular. 

Similar cases of nou-tubercular phthisis in diabetic patients 
have been recorded by Dreschfeld, and by Eoque, Devic, and 
Hugounenq (*'), in which no tubercle bacilli could be found, 
either in the sputum during life, or in sections of the lung tiasae 
on pathological examination, 

Gavgrtne of the lungs sometimes occurs in diabetic patients. 
It is a very rare complication, and generally follows broncho- 
pneumonia ; occasionally it follows cioupoua pneumonia and 
severe forms of bronchitis, and occasionally it is due to trauma. 
The expectoration has an acid reaction, and, as Frericlis has 
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pointed out, is generally not foetid. Dreschfeld states, how- 
ever, that he has met with some cases of diabetic gangrene of 
the lung in which the expectoration has had a very foetid 
character. According to Frerichs, foreign bodies are frequently 
found in the gangrenous patches ; he believes that these 
bodies have been aspirated, and have given rise to gangrenous 
pneumonia. 

Broncho-pneumonia sometimes occurs. It may terminate in 
caseation and lead to tubercular phthisis ; or it may terminate 
in gangrene. According to Frerichs, it almost always leads to 
gangrenous patches of greater or less extent. 

Acute croupous jmeumonia is a rare complication. It occurred 
once in forty-two fatal cases in Manchester, nine times in 
ninety-two cases reported by Seegen, and once in fifty-five of 
Frerichs's cases. 

According to Dreschfeld, " It runs a very acute course, and 
is very fatal. It resembles the pneumonia seen in alcoholics ; 
commences insidiously without a rigor; runs its course, as a 
rule, without great rise of temperature, without perspiration, 
and without expectoration, except where the case goes on to 
gangrene." 

During the attack of pneumonia, the amount of sugar ex- 
creted in the urine has been found to diminish, but it increases 
again at the crisis when the temperature falls. In thirteen 
cases of pneumonia in diabetic patients, Senator never found 
the sugar to disappear entirely from the urine during the course 
of this complication. Sugar has been found in the expectoration 
(0'25 per cent., Bussenius^). 

Occasionally other lung affections, such as emphysema and 
chronic bronchitis, are met with. Bronchitis occurs chiefly in 
the chronic forms of the disease in elderly persons. Pleurisy 
and empyema are rare. Fat emboli have been found in the 
lungs of patients who have died of diabetic coma, by Sanders 
and Hamilton and others, and have been regarded as playing 
an important part in the pathology of this complication ; but 
at present this view has not many supporters. 

The breath of diabetic patients has often a peculiar smell, 
like that of decomposing sweet fruit (Seegen), rotten apples or 
pears. In diabetic coma the breath has a peculiar smell like 
chloroform or acetone, and Le Nobel has detected acetone in the 
expired air. 



314 SVAf/TOAfS AND PATHOLOGICAL CHANGES. 

Oxalatei in tht sputum. — Fiirbringer (**) has recorded a 
ot diabetes in which numerous octahedral crystals of oxalate of 
lime, or amorphous conglomerations of that salt, were found in 
the sputum. 



The Heart. 



The statements of various writers show that there is 
siderable difference ot opinion as to the frequency of cardiac 
disease in diabetes mellitus. Possibly these discrepancies, like 
many others, may be explained in part by the fact that Bome 
writers have based their statistics on a series of cases which 
included a large number of the mild forms of the disease in 
elderly persons, whilst other writers have based their statistics 
chiefly on severe forms ot the disease, such as are met with in 
young persons and in hospital patients. 

In a large number of cases in which I have carefully 
examined the heart cUnically, I have generally failed to detect 
any abnormality, or at least any abnormality of importance. 
These cases have been chiefly hospital patients Buffering from 
a severe form of the disease. Thus, in the last 100 cases 
which I have examined, only eeven have presented symptoms or 
physical signs of cardiac disease. In the remaining ninety-three 
cases the heart has been practically normal until the disease has 
reached a very advanced stage, when a feeble apex impulse and 
feeble pulse have been noted. Also, when diabetic coma has 
developed, the heart's action has become rapid and feeble. 

The following are the changes which I have met with in the 
series of 100 consecutive cases; — 

1. Systolic apical murmur; slightly accentuated aortic second 
sound; no cjirdiac enlargement. No other signs of eardia* 
disease. 

2. Reduplicated first sound. No other signs of cardiac 
disease. 

3. Alcoholic cardiac dilatation, with signs of cardiac failure. 

4. Systolic apical murmur. No other signs of cardiac 
disease. 

5. Cardiac dilatation and cardiac failure. (Mild cases of 
diabetes.) 

6. Dilated left ventricle; apical systolic murmur. 

7. Paroxysmal tachycardia. 
Seegen(**) states that, with tew exceptions, he li 
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heart normal, both as regards its size and the condition of the 
valves. 

There can be no doubt that in the majority of patients who 
suffer from the severe forms of the disease, no abnormality of the 
heart can be detected during life, with the exception of the weak 
cardiac action at the last stage. Certain writers, however, have 
found cardiac changes in a small proportion of the cases of 
diabetes which they have examined. 

The following are the cardiac changes which have been 
described : — 

Cardiac enlargement — hypertrophy and dilatation, — J. Mayer 
<^) of Carlsbad found cai*diac enlargement — hypertrophy or dila- 
tation — in eighty-two out of 380 cases which he examined {i.c, 
in 21*6 per cent.) ; and in these cases there was no other disease 
to account for .the cardiac trouble except diabetes. Mayer also 
found cardiac affections recorded in 13 per cent, of the cases of 
diabetes examined in the Pathological Institute of Berlin. 
Israel (^^) found cardiac hypertrophy in 10 per cent, of cases of 
diabetes examined pathologically. When the heart has been 
hypertrophied, pathological examination has generally revealed 
hypertrophy of the kidney also ; and this condition was present 
in all of tlie 13 per cent, of cases of cardiac hypertrophy 
referred to by Mayer. But, as will be pointed out on p. 219, 
hypertrophy of the kidneys is often present when the heart is 
normal or atrophied. 

Israel and Mayer, from experiments and clinical observations, 
•conclude that the cardiac hypertrophy is due to the circulation 
of some irritating chemical Substance in the blood. 

Cardiac weakness — atrophy and degeneration. — At the last 
stage in many severe cases of diabetes, the pulse, the apex 
impulse, and the heart's action become very feeble. This is not 
surprising, considering that marked emaciation and pulmonary 
tuberculosis are so often present. On post-mortem examination 
in these cases, the heart is often very small, and the weight 
greatly diminished. The" muscle wall is sometimes pale, some- 
times brownish red in colour. Fatty degeneration and glycogenic 
degeneration of the cardiac muscle are sometimes met with. 

Dreschfeld {^), Frerichs (^), Schmitz (^% and others have 
drawn attention to the termination of diabetes with symptoms 
of comparatively rapid cardiac failure and collapse. 

The pulse is Bmall and quick ; the apex impulse is scarcely 
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perceptible; the cardiac dulnesa ia increased towards the right; 
and the first sound at the itpex ia very feeble (Schmitz). The 
extremities are cold; the patient becomes drowsy, and finally 
comatoae. In these cases the urine does not contain diacetic 
acid. The patient is sometimes greatly wasted, sometimes well 
nourished, sometimes even obese. The above symptoms are 
those of one of the varieties of diabetic coma, and will bo referred 
to subsequently. They are often excited by some unusunl 
physical exertion, by over-strain, mental exertion, fright, anger, 
etc., or by some error in diet. Post-mortem examination has 
revealed atrophy of the heart, with fatty degeneration, and 
sometimes glycogenic degeneration, and to these changes in th© 
cardiac muscles the symptoms have been attributed. 

In the other two varieties of diabetic coma, as will be 
described subsequently, the heart's action and pulse are very 
rapid and feeble. 

Valvular disease of the heart is sometimes met with as an 
accidental complication, the patient generally having suffered 
from rheumatism before or after the onset of the diabetic 
symptoms. Sometimes aortic valvular disease is associated with 
arterio-aclerosia in old-standing cases. 

Fiiiictional diaturbitiices— such as palpitation and paroxyamal 
tachycardia — have been occasionally met with, and angina 
pectoris is a rare coiuplication. 

In a case which recently came under my observation, the 
patient suffered from very sudden attacks of tachycardia. 

Patholcyical condition- of the heart iti twenty cOTisccutive catea. 
— In hospital patients sutfering from a severe form of the disease, 
the heart is usually atrophied, and the valves normal. 

In the last twenty cases of diabetes in which I have seen or 
made the autopsy, the heart has been enlarged in one only. 
This was a veiy mild form of diabetes, or rather chronic glycos- 
uria, and the cardiac dilatation was probably due to alcoholism. 
The subject was a female, and the heart weighed 10 oz. In 
fifteen out of the twenty cases the heart was very small, and its 
weight much diminished. In one male subject the weight was 
only 6 J- 02. (normal weight of male heart 1 1 oz.) ; in one female 
subject the heart only weighed 4 oz. 30 grs. (instead of 9 oz,, the 
normal weight of the female heart). The heart muscle was often 
soft and flabby. In one case there was atheromatous thicken- 
ing of the aortic valves, and in another the same condition of 
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both aortic and mitral valves. In the other eighteen cases the 
valves were normal. 

All the cases were hospital patients, and nineteen suffered 
from a severe form of the disease with marked wasting. 

The pulse, — The pulse is usually regular and of normal 
frequency. The tension is often normal, occasionally a little below 
normal ; in other cases the pulse is hard, large, and of high tension. 
I have sometimes found the pulse remarkably hard, and the 
tension exceedingly high when there has been no kidney mischief, 
and the patient has been under middle life. 

Arteriosclerosis is often a complication of diabetes. The 
radial and other arteries frequently feel thickened. In many 
cases of diabetes, if three fingers be placed on the radial artery, 
and firm pressure be made with the finger nearest the elbow, so 
that the pulsation is arrested, then the artery can be rolled 
beneath the two fingers, as a hard cord, on the peripheral side of 
the point of pressure. In other superficial arteries the same 
condition is frequently present also. In some patients, especi- 
ally in elderly pereons, very marked atheroma can be detected ; 
but even in young diabetics I have occasionally met with 
very marked arterio-sclerosis. Now, as diabetes and arterio- 
sclerosis are both diseases most commonly occurring after the 
age of 45, and as arterio-sclerosis is a common affection, 
it is not surprising that in many elderly diabetics the arteries 
should present this pathological condition. But the frequency 
of arterial thickening in diabetics under 45 appears to indicate 
that the association is not always accidental, and that probably 
in certain cases there is some connection between the two 
diseases. The relation between arterio-sclerosis and diabetes is 
discussed on p. 156. 

The Kidneys. 

It has already been pointed out (p. 175) that slight albu- 
minuria is frequently met with in diabetes (^®), but that it is 
somewhat rare to find albumin present in the urine in large 
quantities. In most of the cases in which albumin is present in 
small quantity, there are no other indications of kidney lesions, 
and post-mortem there are no signs of actual nephritis, though 
slight changes may be present in the renal epithelium. 

This slight albuminuria has been attributed to excess of 
nitrogenous food in some cases, to catarrh of the bladder in 
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others (K. Schmitz). I have found a trace of albumin pi 
however, when the patient has been taking ordinary diet. As 
mentioned on p. 177, it appears probable that occasionally the 
trace of ulbumin is the result of a balanitis and the mixture 
of a little pus from the inflamed parts with the urine. 

In only four out of 100 consecutive cases of diabetes (mostly 
liospital patients suflering from a severe form of the disease) 
were there indications of nephritis and abundant iilbuminuria 
(see p. 176). 

One Hundred Congeeutive Caees. 



Albumin ntoont when urine first ej 
Miiined in ... . 

SnmU quantity or a ijwre trwie c 
ftlbumiu in , 



70 



Large or coMlderable m 



la fourteen of these ■ truce of albumin 

appru-ed at a ]ut#r date. 
Seven ot t1ie«e were at a rery adTauced 

btnge. One was comstMe wlien Srst 

Fiatiiined. In twu tlie albumianrift 

disappeareii later. 



^m din 

^H are 

m 



In the chronic mild form of diabetes in elderly people, thft" 
proportion of cases in which a large amount of albuminuria is 
present is probably much greater. 

For other points with reference to the albuminuriu of 
diabetes, see p. 176. 

In diabetes, therefore, two forms of albuminuria may occur : 
(1) very slight albuminuria not associated with nephritis; (2) 
albuminuria due to nephritis. In these cases the albumin is 
abuniiant, or there are other indications of Bright's disease. 
When there are siyus of interstitial nephritis, the urine is 
abundant, but the specific gravity diminishes, though it often 
still remains above normal. When the kidney condition 
is one of parenchymatous nephritis, the quantity of urine is 
less than in the interstitial variety, but almost always above 
the normal amount. 

In cases of diabetes presenting signs of nephritis, often the 
albumin and sugar bear no relation to each other ; but in some 
eases, as the kidney changes advance, the albumin increases, and 
the sugar decreases. 

When diabetes is complicated with granular kidney after 
the renal changes reach a certain stage, the glycosuria gradually 
diminishes, and finally disappears, and the symptoms remaining 
are ttiose of chronic interstitial nephritis. This rare termina- 
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tion may occur in cases of diabetes complicated with obesity or 
with gout, and, according to v. Noorden, scarcely ever in any 
other forms. The disappearance of the diabetic symptoms, and 
their gradual replacement by those of chronic nephritis of either 
form, is a bad prognostic sign. The cases of diabetes compli- 
cated by actual chronic nephritis — as indicated by symptoms or 
post-mortem evidence — are rare in hospital patients and in the 
more severe forms of the disease ; they are more common in 
elderly persons suffering from the mild forms, and in the dia- 
betes of obese or gouty persons. 

flEdema occasionally occurs in the feet in diabetes when 
albumin and signs of nephritis are absent (see p. 227). 

Pathological changes in the kidneys. — The following are the 
changes which were met with in the kidneys, post-mortem, in 
ninety-two cases of diabetes examined at the Vienna Pathological 
Institute, from 1870—1892, during the professoi-ship of Dr. 
Kundrat (quoted by Seegen '^) : — 

Cases. 
Parenchymatous and fatty degeneration . . . in 24 
Acute haemorrhagic nephritis . . . . „ I 

Granular kidney » 9 

Chronic tuberculosis of the kidney . . . . „ 2 
Hypertrophy (in one of these cases small cysts were 

present) . . . . . . . . ., 4 

In twenty consecutive cases of diabetes amongst hospital 
patients in which I have recently seen or made the autopsy, the 
condition of the kidneys (on macroscopic examination) was as 
follows : — 

Eenal hypertrophy was present in eight. (In one male 
subject the kidneys weighed 11 oz. each; in another, 10 J and 
12 oz. respectively.) 

The kidneys were normal or slightly diminished in size in 
twelve. 

In one case there were tubercles in the kidneys. The only 
other change met with was hyperremia. 

In none was there any naked-eye evidence of nephritis 
(parenchymatous or interstitial), and in none was there any 
indication of nephritis during life. 

The macroscajfical chunges (^^). — HyjKvtrophy of the kidneys. — 
On post-mortem examination the kidneys are often enlarged in 
diabetes. As already mentioned, Mayer, Israel, and others have 
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found cardiac hypertrophy aasociated with hypertrophy of 
kidneya in some cdscs. Cardiac enlargement, however, is cer- 
tainly very rare in the severe forms o[ diabetes which have 
come under uiy observation in hospital practice, and yet in 
these forms the kidneys were often eulai^ed (eight out of 
twenty cases). In none of these cases was there any cardiac 
hypertrophy ; in six the heart was diminished in size. 

Though the kidneys are often congested and enhirged, on 
the other hand they are sometimes small and pale ; but increase 
in the connective tissue is rare in the severe forms of diabetes. 

.Vep/irii-isi— Occasionally chronic interstitial nephritis i* 
met with, but almost exclusively in obese or gouty pattenta. 
Parenchymatous nephritis is also an occasional complication. 
A diH'use nephritis, in which the parenchyma is chiefly affected, 
but in which there is a certain degree of interstitial sclerosis 
also, has been found in a few cases. 

Abscesses, amyloid degeneration, tubercles, and fat emboli 
are changes which have been occasionally, thongh very rarely, 
observed. 

Microscopical c/taiiges in the renal epithelium.. — Often the renal 
epithelium cells present microscopical changes, 

(a) Hyaline diycneration of renal epithelium. — Cantani hu3 
recorded the changes observed by Armanni (**) in three of his 
eases. These consisted of a hyaline degeneration of the 
epithelial cells. The cells affected presented a swollen trans- 
lucent appearance, as if transformed into large hyaline vesicles 
with distinct cell walls. The nuclei stained well, and were often 
seen pushed towards the periphery of the cells. 

Armanni described these changes in the cells of the collecting 
tubules and the tubuli recti of the medulla. Cantani attributes 
them to a dropsy of the cells. 

Other observers have recorded similar changes, Stephen 
Mackenzie (**) has found this condition of epithelium only in tlie 
cells of the collecting tul>es; Saundby found the changes con- 
fined to the chills of Henle's tubes ; Ebstein detected them in 
the loop of Henle. 

(J) Necrosis of epithcliitm. — Ebstein C*) has drawn attention 
to a necrosis of the renul epithelium cells in diabetes, similar to 
the " coagulation necrosis " described by Weigert, in other 
diseases. The nuclei of the cells gradually atrophy ; they do 
not stain or stain badly with the usual staining agents; the 
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protoplasm of the cells degenerates and becomes granular, and, 
finally, simple or fatty detritus is found in many places. 

(c) Fatty degeneration of renal epithelium. — Fichtner(**) has 
described a form of fatty degeneration of the renal epithelium of 
the greater part of the kidney cortex in cases of diabetic coma. 
He regards the following points as characteristic: (1) the 
arrangement of fat globules in a row at the periphery or attached 
part of the cells lining the tubules ; (2) the affection of those 
renal tubules only which are lined by the so-called " cloudy " 
epithelium. 

Fatty degeneration of the renal epithelium is frequently met 
with, however, in other chronic diseases, such as cancer, phthisis, 
pernicious anaemia, and in many febrile affections. 

(d) Glycogenic degeneration of renal epithelium. — Ehrlich and 
Frerichs (^' ^) have described a glycogenic degeneration of the 
renal epithelium of Henle's tube. This they state to be a con- 
stant change. The glycogenic degeneration can be detected 
macroscopically by treating the section of the kidney with 
Lugol's iodine and iodide of potassium solution. By the 
action of this reagent, small brown streaks are produced about 
the junction of the medullary and cortical parts of the kidney. 
They correspond to the markedly dilated tubules at the isthmus 
of Henle's loop. Under the microscope the epithelium cells 
are found to be enlarged at this point; they are polygonal, 
clear, and, when stained with iodine gum, they are seen to 
contain large or small masses which are coloured more darkly 
than the protoplasm of the cells. The protoplasm is stained pale 
yellow ; the darkly stained parts vary in tint from yellow up to 
pure mahogany colour. 

Ehrlich and Frerichs think that this change is due to the 
presence of glycogen in the epithelium cells at the most narrow 
part of the uriniferous canal ; they believe that absorption of 
sugar probably occurs, and that this is transformed afterwards 
into glycogen. 

Straus (**) believes that the hyaline changes described by 
Armanni, and the glycogenic changes of Ehrlich, are really of the 
same nature. He thinks they occur very frequently, though not 
constantly ; and, when present, he regards them as characteristic. 
In a later paper (^) he points out that in some cases in which the 
hyaline changes described by Armanni are particularly distinct, 
glycogen cannot be detected in the cells. In such cases he believes 
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that an ioBltration of the cells with j^l^-cogen had existed at CI 
tinie, but that the glycogen hud disuppeared during the life of 
the patient, leaving only the hyaline changes. Straus believes 
the hyaline changes to be more frequent than the glycogenic, 
but thinks both have the same signi^cance, and are equally 
characteristic 

Cystitis occasionally occurs in diabetes. It is due to the 
irritation of the miicoua membrane of the bladder by the 
saccharine urine. Schmitz (*') recognises three fcrms of chronic 
cystitis in diabetic patients. In the mildest form, subjective 
symptoms are absent; the urine is faintly acid; it contains a 
few pus corpuscles, calcium phosphate, and bacteria. In the 
second form the urine is turbid, the smell objectionable, the 
reaction very faintly acid or neutral; pus corpuscles, triple 
phosphates, calcium phosphate, and bacteria are present ; mic- 
turition is fre{iuent. In the third form the oi-dinary subjective 
symptoms of cystitis are present; the smell of the urine is 
ofl'ensive ; the reaction is ammoniacal ; pus cells, triple phos- 
phates, calcium phosphate, urate of ammonia, fungi, and bacteria 
are present. A portion of the sugar \\\ the urine midergoes 
fermentation, carbonic acid gas is formed and often collects 
within the bladder, and is passed with the urine. Cystitis has 
been present twice only amongst the last 140 ciises which have 
come under my observation. 



TiiK Skis. 

In severe cases of diabetes the skin is dry, and feels rough 
when touched ; but sometimes it appears and feels normal ; 
and occasionally diabetic patients perspire freely, even when 
lung disease or other complications, liable to give rise to per- 
spiration, are absent. Unilateral sweating has been recorded 
in diabetes, but of course it is exceedingly rare. The sweat 
of diabetic patients has been examined for the presence of 
sugar, with varying results, Griesinger, Vogel, Fiibriuger, and 
Forster have been able to detect sugar in the sweat ; but 
Frerichs and others have not been able to detect a trace. 
V. Noorden examined the sweat of six diabetic patients 
after the injection of pilocarpine, but even with the phenyl- 
hydrazin test could not obtain any evidence of sugar. The 
skin of diabetic patients, especially in the severe forms, ofteu 
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feels cold when touched. During diabetic coma, coldness of the 
skin is a common symptom. 

Itching of the skin, jnniritus, is sometimes troublesome ; 
occasionally it is one of the first symptoms. It is diminished 
by a diet or treatment which causes a reduction in the sugar 
excretion. 

This pruritus may be general or local. General pruritus is 
very rare ; it has been attributed to irritation of the peripheral 
cutaneous nei-ves owing to dryness of the epidermis, or to the 
circuBltion of fluids containing an excess of sugar. Another 
explanation is, that central irritation is projected towards the 
periphery (v. Noorden). Local pruritus, in the genital organs, is 
a common symptom. It is more frequent in females ; and some- 
times medical advice is sought on account of pruritus or eczema 
of the vulva, this being the first symptom of the disease which 
has attracted the patient's attention. Hence, in all cases of 
pruritus or eczema of the vulva, the urine ought to be examined 
for sugar. The parts affected first are the labia minora, then 
the labia majora, and, finally, the skin of the thighs adjacent to 
the genital organs. All those parts with which the urine may 
come in contact are liable to be affected. The itching is excited 
by the irritation of the sugar in the urine and by the growth of 
fungus on the genital organs. Pruritus is usually accompanied 
by congestion and redness of the vulva, and may be followed by 
general eczema. 

In the male, pruritus of the glans penis and prepuce some- 
times occurs, and occasionally the scrotum is affected; but 
these conditions are much more rare than pruritus of the 
vulva. 

Eczema and erythema, — The genital organs are most com- 
monly affected owing by their irritation by saccharine urine ajid 
fungus growth. But sometimes eczema and erythema occur in 
parts with which saccharine urine does not come in contact. 

Eczema of the vulva is the most common affection. The 
irritation of saccharine urine causes pruritus and a burning 
sensation in the region of the vulva. The parts become 
congested, and, owing to the irritation, excoriations are pro- 
duced ; also fungus spores and mycelia develop in the mucous 
membrane, which, being frequently wet with the saccharine 
urine, forms a suitable soil for their growth. Both the con- 
ditions lead to the development of eczema. On the affected 
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parts whitish crusts and scabs are found, which constBlif^l 
epithelial scales and dried senretiou mixed with fungns sporee 
and mycelia. Eczema of the vulva may lead to dennatitia 
or hypertrophic vulvitis; or, if septic organisms penetrate 
deeply into the affected parts, boils and phlegmonous vulvitis 
may develop; sometimes the eczema extends to the mucoua 
membrane of the vagina, Pruritus nnd eczema of the vulva are 
much more common in dirty patients than in clean patientA 

The majority of cases of eczema of the vulva occurring 
about the climacteric period of life are due to diabetes. 

The amount of sugar in the urine is sometimes only small, 
and often there is great improvement under treatment, especially 
in females at the climacteric i>eriod. 

In the male, pruritus of the penis or scrotum may occur, 
owuig to the irritation of the saccharine urine. Erythema 
around the meatus is liable to develop, and this may spread 
over the glans penis; finally, a balanitis may be produced, and 
fungus spores and mycelia may develop imder the prepuce. 
This condition is met with chieily in patients who have a long 
prepuce. Tlie m neons membrane may become fissured and 
thickened, the prepuce may lose its elasticity, and finally 
phimosis may develop. The integument of the prepuce may 
also become thickened ; sometimes the prepuce becomes very 
(edematous, and even sloughing and gangrene have been observed. 
Pus cells and sometimes fungus spores and mycelia may be 
washed away from the penis, and cause a trace of albumin and 
a slight deposit in the urine. 

Eczema of the male genital oi^ns is oi^casioually met with : 
it starts from the glans and prepuce, and may extend to the 
neighlwuring parts. Sometimes white patches of fungus growth 
are found on the glans penis and prepuce. 

Tims in a case of diabetes of four years' duration, the end 
of the prepuce was red, tbickeued, inflamed, and cedematous, and 
there was also phimosis. The mucous membrane at the end of 
the prepuce was studded with smnll white patches, which, on 
microscopical examination, were found to consist ot fungus 
growth and epithelial sealea. 

In another case, a severe form of diabetes in a youth of 
19, the prepuce was inflamed and thickened, and when retracted, 
u number of small while patches were seen on the glans penis. 
Scrapings from tliese patches, when examined microscopically. 
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were found to consist of epithelial cells, a few pus corpuscles, 
and fungus spores and mycelia. 

BoUs. — Boils are amongst the most common of the skin 
lesions in diabetes. They often occur at an early stage, and 
sometimes they are the first symptoms noticed by the patient. 
Seegen states that he has never seen boils in an advanced 
stage of the disease. In the advanced cases of diabetes admitted 
into the Manchester Eoyal Infirmary, certainly they are very 
rare. Boils generally occur in stout patients; they may be 
single or multiple ; they usually develop upon the neck, back of 
the shoulders or buttocks, but they may occur at any part. In 
females, sometimes they form on the labia of the vulva. 

Boils are, of course, due to other causes besides diabetes ; 
but a large proportion of all cases (one-fourth according to 
V. Noorden, one-third according to Marechal) are due to this 
disease. In diabetic patients, as in other subjects, infection 
with micro-organisms is the exciting cause, and pure cultures of 
the staphylococcus aureus have been obtained from the boils of 
diabetic patients. 

Carhuncks are less frequent than boils; they may be 
amongst the earliest symptoms, however, which have attracted 
the patient's attention, and he may come under treatment for 
this complication before diabetes has been diagnosed. Car- 
buncles may also appear at an advanced stage of the disease. 
They occur mostly in the neck, occasionally on the face or other 
parts of the body. They have a tendency to extend and become 
gangrenous, or to give rise to surrounding cellulitis, or to great 
destruction of tissue ; and very often they lead to a fatal ter- 
mination. Like boils, carbuncles are excited by the action of 
micro-organisms. They occur in other diseases besides diabetes, 
but the two affections are so frequently associated, that it is 
important to examine the urine of every person who suffers 
from carbuncles. 

Gangrene is a complication sometimes met with. It may be 
primary, or secondary to wounds, contusions, boils, carbuncles, 
or cellulitis. 

The lower limbs are most often affected, the gangrene com- 
mencing in the toes, and not infrequently at a part which is 
subject to the pressure of a tight boot. Just as in the case of 
boils and carbuncles, gangrene is sometimes the first symptom to 
attract attention to diabetes in an apparently healthy person, — 
'5 
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hence the necesalty of examining the urine for sugar in all caaes 
of gangreue. 

Dijihetio giingreiie may he moist or dry. Before early 
middle age, spontaneous gangrene does not occur, or occurs only 
very rarely in diabetic pjitients. I have never seen gangrene 
amongst the unnierona ciases of the severe forms of the diseaee 
under the age of 40 at the Manchester Itoyal Infirmary. All 
tlie ea8!>8 have been over that age. 

Godlee^**) points out that there are three exciting causes of 
gangi'Cne in diabetic patients: (1) Inflammatory conditions; (li) 
atheroma of the vessels; (3) neuritis in the peripheral nerves. 

A large proportion of cases of diabetic gangrene of the leg are 
due either to atheroma or neuritis. 

Koeuig(") attaches great importance to the association of 
extensive atheroma of the arteries with diabetic gangrene. He 
states tiiat thrombosis of the larger vessels is often present, and 
generally there is marked atheromatous degeneration of the 
smaller arteries (nine out of eleven cases examined). Some- 
times both atheroma and neuritis play a part in the development 
of diabetic gangrene. 

When gangrenous inUammation appears in a diabetic patient, 
severe symptoms develop; the jjatient becomes drowsy, and 
delirium, loss of appetite, and coma may occur. These 
.symptoms are more marked when the gangrene is moist than 
wlien it is dry. 

Wounds of the skin heal badly in diabetic patients, and 
sometimes become gangrenous. Operation ineLsion wounds 
generally heal badly also, and though the results are now much 
better than formerly, surgeons still avoid operations on diabetic 
patients if possible, Tlie operation for phimosis is said to be 
particularly unsatisfactory (v. Noorden). There is one exception 
to the above statement, i.e. the operation for diabetic cataract, 
which is now very often successful. 

Perfuratim) ulcers, chiefiy on the soles of the feet, and about 
the toes, especially about the big toe, are occasionally met with 
in diabetes. The ulcers resemble those seen in locomotor ataxia, 
aud the knee-jerks are frequently absent in these cases. Hence, 
if the urine be not examined, a diagnosis of early locomotor 
ataxia is liable to be made. Often the patients complain of 
pains in the legs, and the calf muscles are tender. Sometimes 
there are other signs of peripheral neuritis. 
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Pdthologically, parenchymatous neuritis of the periplieral 
nerves of the legs has been found in some of the cases of 
diabetic perforating ulcer, and it is probable that the ulcers are 
due to neuritic changes (**). 

Often the starting-point of a perforating ulcer is a large 
corn or bunion, which is cut by the patient, the skin around and 
beneath being injured in the process. In other cases a patch of 
superficial necrosis develops ; this separates, and an ulcer forms. 
Sometimes a htcmorrhage, just beneath the skin, appears to be 
the starting-point of a superficial necrosis and ulcer (*^). 

It is important to examine the urine for sugar in all patients 
who suffer from perforating ulcers of the feet. 

Amongst the last 140 cases of diabetes which have come 
under my observation, perforating ulcers have been present in 
four only. The ages of the four patients were 52, 55, 55, and 
67 respectively. All were suffering from a mild form of the 
disease. In the first case, distinct symptoms of peripheral 
neuritis were also present, and the knee-jerks absent; in the 
second case, the knee-jerks were absent ; in the third case, one 
knee-jerk was absent, the other very feeble ; and in the fourth 
case, both knee-jerks were present. In one case the ulcer was 
just below the external malleolus ; in one case in the centre 
of the sole ; and in two cases near the toes. 

Vasomotor changes — btdboiis fingirs, — In three cases of 
diabetes I have observed a peculiar condition of the fingers 
The extremities of the fingers were much swollen, bulbous, 
hyperaemic, and of a bright red colour ; and the patients 
complained of burning and tingling of the finger-tips. Some- 
times there was also hypera^mia of the palms of the hands. The 
toes were affected in a similar manner, but to a less degree. One 
of these patients was suffering from advanced phthisis, another 
from early phthisis, and in the third, signs of phthisis appeared 
soon after the bulbous condition of the fingers was noted. 

Spontaneous shedding of the nails has been recorded in a 
few cases of diabetes (*®). 

Anasarca without any signs of cardiac failure, and without 
the presence of albumin in the urine, is an occasional complica- 
tion of diabetes. It has not been well marked in more than 
5 per cent, of cases which have come under my observation. 
The oedema is chiefly in the legs, and there is pitting of the skin 
about the ankle, on the dorsum of the foot, and over the tibia. 
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Occasionally oedema affecta the hands, face, and other parts. 
Thus in the caee of n diabetic patient, st. 34, under the care 
of Dr. Leech at the Manchester Infirmarj, after the diseaee 
had been present for five years, there was well-marked O-'deina 
of the feet, scrotuin, and peuis. The cetlema varied from time 
to time ; some days it was almost absent ; on other occasions, 
after the patient had been walking about for some time, it was 
very well marked. There was no albumin present in the uriue, 
and no indication of cardiac or vascular trouble. At a later 
date, there was also great cedema of the doi-sum of each hand, and 
marked pitting on pressure, but this disappeared rapidly after 
rest in bed. Sir William Eoberts (") draws attention to a slight 
pilliug over the tibia;, which he attributes to the soft atonic 
8tat« of the subcutaneous tissues rather than to true a-dema. 
Frerichs (") found cedema, without kidney mischief, in twenty- 
five out of 400 cases. Ascites with a-dema of the arms and 
hands is mentioned by Eoberts, who also quotes a similar case 
recorded by Fischer. I have seeu two eases of slight ascites in 
diabetes and one marked caee, but in the latter the liver was 
cirrhosed ; in the other two there were no signs of liver disease. 

Xanthoma diabciicorum. — Tliis is a very rare complication. 
Morris (**■ **■ *') has collecteil twenty-one cases from literatnre, 
and the following account is based chiefly on his description. 
The affection is evidently directly due to the diabetic conditions. 
When the excietioo of ui-ine and sugar diminishes the eruption 
disappears, but reappears with the return of the glycosuria. The 
skin eruption consists of small pa])ule3 or nodules about the size 
of a pea ; they have a rounded or conical form, and may be 
discrete or confluent. Some are surmounted by a yellowish 
apex, winch gives them a deceptive resemblance to pustules of 
solid consistence. They are firm to the feel, and are essentially 
iutlammatory. Subjective sensations of heat, burning, and itching 
are present. Sometimes the nodules have a reddish tinge, and 
only appear yellow when the skin is stretched. They are foiuid 
on the forearms, buttocks, and knees, and may extend to the 
scalp, face, and trunk ; but in some cases the eruption is universal. 
The papules may remain stationary for months or years, and 
then undergo rapid involution and leave no trace behind. They 
occasionally re-develop two or three times. The presence of this 
eruption may be the first indiaition of diabetes. 

Morris gives the following points of difference between 
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diabetic xanthoma and the non-diabetic varieties: — (1) While 
ordinary xanthoma planum and multiplex is slow in evolution 
and generally permanent, xanthoma diabeticorum appears 
suddenly and subsides almost as suddenly. (2) While xanthoma 
planum almost invariably begins on the eyelids, and is usually 
confined to them, and whilst xanthoma multiplex chiefly affects 
the flexor and extensor surfaces of the limbs, the eyelids, and the 
palms, the diabetic variety for the most part attacks the neck, 
trunk, and extensor surfaces of the limbs. (3) While jaundice is 
a very frequent accompaniment of ordinary xanthoma in adults, 
and diabetes mellitus has never been recorded as occurring in 
association with it, the reverse is the case as regards xanthoma 
diabeticorum, in which sugar in the urine is a constant feature, 
and jaundice an unknown complication. 

But Morris thinks that xanthoma planum and xanthoma 
multiplex are members of the same group, and that anatomically 
the three varieties are practically identical. 

In addition to the above-mentioned skin complications, the 
following affections have also been described in association with 
diabetes : — Psoriasis, acne cachecticorum, dermatitis herpetiformis, 
herpes zoster with persistent neuralgia, eczema tous impetigo, 
lichenoid eruptions, chronic papular urticaria, purpura hsemor- 
rhagica, erysipelas, and dermatitis diabetica papillomatosa 
(Kaposi). 

Recently attention has been drawn to a form of diabetes 
associated with bronzing of the skin, and the disease has been 
described as diabHe hronzd. ' An account of this affection is given 
on p. 308. 

The Eyes. 

Defects of vision are not uncommon in diabetes, and 
sometimes the patient first seeks medical advice on account 
of ocular symptoms. Some of these ocular affections are 
merely accidental complications, or are only very indirectly 
the results of the diabetes, whilst others are directly caused by 
the disease. The latter group includes — (1) Cataract; (2) pure 
accommodation paralysis in middle age; (3) short-sightedness, 
developing later in life, between the ages of 40 and 60 years, 
without any opacity of the lens (Hirschberg ^^) ; (4) vitreous 
opacities; (5) retinitis; (6) amblyopia, like tobacco amblyopia. 
Retinitis and amblyopia are very rare. 
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Cataract. — Tliis is the most coinmoQ ocular affection, which 
gives rise to maiked defect of vision lit diabetic patients. 

Diabetic cataract is usually bilateral; it is met with in 
cliildren, as well as in adults and old persons. I have seen it in 
a girl let. 11, in another set. 15, and in a youth of 20. It is 
generally of tiie soft variety, but not invaiiably, and in old 
diabetic pulieiita it may iireseut the same chai-acteis as in 
non-diubetic patienta. It does not disappear, as a rule, imder 
anti-diabetic treatment (Hirschberg). SeegenC"), however, men- 
tions two cases in which tlie opacity of the lens diminished 
with improvement of the symptoma and the diminution of the 
sugar excretion, but increased when the patient became worse 
again. A case of spontaneous disappearance has been reported 
by NettleHhip("). 

In persons under middle age, diabetic cataract generally 
develops quickly; and the rapid development of double cataract 
in a young person ought always to raise the suspicion of diabetes. 
Diabetic cataract can now be removed successfully, and the 
results are almost as good as in non-diabetic cases. The opera- 
tion is sometimes followed by diabetic coma, however. 

Ill the last 100 consecutive cases of diabetes (mostly at an 
advanced Rtage of the disense), in which I have examined the 
eyes, cataract was present in nine. The ages of the patients 
were — 12, 15, 20, 40, 40, 40, 47, 56, and 59 years re- 
spectively. 

Cataract is not confined to markedly wasted patients; the 
patients may even be well nourished. Seegen points out that 
a large amount of sugar is always present in the urine, and 
states that he has never seen diabetic cataract when the urine 
contained only a small quantity of sugar, though in these cases 
other visual symptoms are often present. A satisfactory expla- 
nation of the origin of diabi-tie cataract has not been given. It 
has been attributed to general marasnms, to the presence of 
sugar in tlie lens, to the abstraction of water from the lens 
owing to the sugar in the adjacent media, and to the conv^mou 
of grape sugar in the aqueous humour into milk sugar. But 
there are objections to all thyse views. Keceutly vascular disease 
in the ciliary processes has been regarded as the cause of nutri- 
tional changes in the lens (*''). 

Diabetic retinitis. — Retinal changes in diabetes mellitua werft 
recorded first by Edward Jaeger, and have since been described by 
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various observers during the last forty years. In a large pro- 
portion of the cases both sugar and albumin have been present 
in the urine, and in these cases, therefore, it is somewhat difficult 
to say, in the absence of a pathological examination of the 
kidneys, whether the retinal changes were not entirely or in 
part the result of renal disease. But in other cases retinal 
changes have been found, when there has been no albumin 
in the urine. There is undoubtedly, then, a form of retinitis 
occurring in diabetic patients, which is not an " albuminuric " 
retinitis. The retinitis of diabetes also differs somewhat from 
that of chronic Bright's disease. 

It appears to me that the frequency of retinitis in diabetic 
patients has been over-estimated, however. Many text-books 
of medicine simply make the statement that retinitis is met 
with in diabetes, and give no information or hint as to the 
frequency of this complication. Hence the medical student 
often receives the impression from such book, that retinitis 
occurs as commonly in diabetes as in chronic Bright's disease ; 
but, as a matter of fact, diabetic retinitis is rare. The per- 
centage of cases of diabetes in which retinal changes are met 
with is very small — much smaller than the proportion of cases 
of retinitis in chronic Bright's disease. Also, when present, the 
retinal changes appear to be less extensive, as a rule. Eales has 
estimated that retinitis is met with in 28 per cent, of the cases 
of chronic Bright's disease ; Gowers (*''^) also estimates the pro- 
portion to be about 1 to 3i. In the first fifty coTisautivc casrs 
of diabetes mellitus, however, which I carefully examined at the 
Manchester Royal Infirmary (always using the direct method 
of ophthalmoscopic examination), I did not meet with a single 
instance of diabetic retinitis, and yet the majority of these 
patients were suffering from the most severe form of diabetes 
— often at an advanced st;ige. I have examined altogether 100 
diabetic patients oph thai moscopically, with considerable care, but 
have only met with retinal changes in seven cases. Five cases 
were specially sent to me by my friend Ur. Edward Eoberts, 
whom they had consulted on account of ocular troubles. In 
three of the seven cases the urine contained so much albumin, 
that kidney diseairC could not be excluded as a cause of the 
retinal changes : in two there was only a trace of albumin pre- 
sent, but no other signs of nephritis. In two cases albinnin 
was absent. These figures show that retinitis is a very rare 
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complication in dinbetea, iind it presents in this respect a 
inavked contrast to the retinitis of chronic Briyht's dieeaae. 

Diabetic retinitis is met with almost invariably in middle- 
aged and elderly patients — over the age of 45. As a rule, 
retinal changes only occur when diabetes has existed for a long 
period. 

A good number of the patients I examined were under 
the age of 45, and in many cases the disease was of an scute 
form. Had there been a greater proportion of elderly persons 
amongst these cases, prolmhly fY'tiiin! chM?i<:*>n wmild hdvp been 




found more freiincnt. From the fact that rotinilis is so rare 
in the severe forms of diabetes, in persons under 45, I am 
nclined to believe that there is some other factor necessary for 
ts production, in addition to the diabetic condition of the blood. 
The ch.inges in diabetic retinitis consist of hemorrhages and 
white patches, both of which are often so small that they cannot 
be detected unless the direct method of ophthalmoscopic examina- 
tion be employed. Hii-schberg f") recognises tliree varieties of 
diabetic retinal disease — (1) Eetinitis hiumorrhagica diabeticii; 
(2) retinitis centralis punctata; (3) combined form. Both 
eyes are generally affected. 

1. RdinilxA hcemorrkaffiea diahetiea. — In tliis form small dark 
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I led dota or punctiform patches of hemorrhage are Bcnttered over 
the retina; occasionally they are striated. They are generally 
fiituated behind the vessels ; they may occur alone, but more 

L frequently are associated with white patches, as in the third 

I'variety — the combined form. 

2. Eetiidlis a:ntralis punciata. — The retinal cbangeB may 

^ develop gradually or suddenly. They consist of small bright 
white patches, which are situated in the deeper I'etinal layers. 
They are found chiefly near the centre of the retiiui, between 
the upper and lower temporal branches of the central artery. 




tThey are also found near the optic disc, and to the nasal side 
Ihereof. The smaller patches coiisiat of little white dots or 
Vpecks, which have been described as "curdy." If larger, they 
Inay appear like white stripes ; or they may be clustered ti^ether 
in the form of a semicircle or incomplete circle around the 
macula; occasionally there are two incomplete concentric rings 
of white pitches. But the white patches are never arranged, 
[■like those in the retinitis of chronic Bright's disease, in a star- 
ihaped or fan-shaped form, radiating from the yellow spot. 
o'here la no pigmentation around the retinal patches. 

, In the combined fonn, both hit- morrhagea and white patches 
»re met with. 
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IMumng of the margin of the disc and optic neuritis are 
absent in diabetic retinitis, whilst blurring of the margin 
of the disc or alight neuritis is \'erj' frequent in albm 
uric retinitis. It is suited that occasionally the retinal 
chnngea iire associated with primary optic atrophy ; whilst 
optic atrophy is very rare in albuminuric retinitis, aud, if 
present, generally follows neuritis. Frequently, diabetic retinitis 
is associated with opacities of the vitreous, the latter being due 
to minute hemorrhages : the association is always suggestive of 
(liabetLS. Ocwiaiuiially diabetic retinitis has been followedJ 




hfemorrhagic glaucoma. Sometimes, though very rarely, the 
patient comes under treatment on account of the defect of 
vision produced by the retinal changes. Often, however, well- 
marked symptoms of diabetes have caused the patient to seek 
medical advice, long before the retinal changes have developed. 

The symptoms produced by diabetic retinitis are failure of 
sight and difficulty in reading. The patient may complain of 
a haze, or of a mist, or of dark specks before the eyes. The 
retinal changes ai'e progressive, and recovery never occurs, 

Saundby ("*) believes diabetic retinitis to be of grave prog- 
nostic significance, though he is not able to support this view by 
statistics, and, owing to the rarity of the complication, statistics 
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would be diflBcult to obtain. When diabetic retinitis develops 
in any given ciise of diabetes, the prognosis in thcd case is 
naturally worse than if retinitis were absent. Nevertheless the 
prognosis in diabetes is so much influenced by the form of the 
disease, the age of the patient, and other conditions, that the 
prognostic significance of such a rare complication as diabetic 
retinitis is very difficult to estimate. Eetinal changes are 
not found in young persons and in acute cases, but are 
met with chiefly in elderly patients, and in these cases the 
prognosis is best. Hence the prognosis will be probably worse 
in a young patient without retinal changes than in an old 
person with retinal changes. But of elderly persons the prog- 
nosis would naturally be worse, other things being equal, when 
retinal changes were present, than when they were absent. 

The following are some of the points of difference between 
diabetic and albuminuric retinitis : — 



Albuminuric Ketinitis. 

Patches frequently most numerous 
at tlie macula ; often localised 
to this region; often grouped 
in a star-shaped or fan-shapetl 
cluster around ina(!ula. 



Diabetic Ketinitis. 

1. Patches of retinitis distributed 
irregularly over the central 
part of the retina ; not speci- 
ally localised to the region of 
the macula ; no tendency to 
grouping of the i^atches in a 
star-shaped or fan-shaped man- 
ner around the mai-ula ; some- 
times patches arranged in an 
incomplete circle around this 
region. 



2. Xot ass(K;iate(l with oi>tic neuri- < )ften associated with oi)tic neur- 
tis. itis ; and when marked optic 

neuritis is absent, the disc is 
often chanly and the margins 
indistinct, even at an eiirly 
stage. 



3. Optic disc not affectetl, or, if 
affected, condition is one of 
primary optic atrophy. Atro- 
pliy is ex(!ee(linj(ly rare. 



Oi>tic atrophy rare ; occurs only 
very late in the disease, and 
follows optic neuritis ; is gene- 
rally associated with typical 
albuminuric retinitis. 
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4. Hffmorthages aa a mle are 
punctifonti. 



6. Retinal arteries and veins not 
much changed ia appearance, 

6. No diffuse retinitis. 

7. Often associated with hienior- 

rhages into the vitreous. 



Hemorrhages generally striated or 
irregular in shape, not puncti- 



Arteries small, veins often dilaUni 
and slightly tortuous. 



Often diffuse retinitis present 



Xot associated 1 




Nettleahip (*'), in a case of diabetic retinitis, in which he 
examined the eye microscopically, found a?deTna of the retina and 
hyaline degeneration of the intima of the small arteries. He 
also found that the capillaries were distended, and that minute 
globular aneurysms were connected therewith. The vessels of 
the brain, kidney, and spleen also presented similar minute 
aneurysmal dilatations. 

Occasionally, though exceedingly rarely, a cerebral tumour 
has given rise to optic neuritis and glycosuria in the same 
patient. 

Sometimes, though very rarely, albuminuric retinitis occurs 
iu a diabetic patient who is also suffering from granular 
kidney. Primary optic atrophy has been met with in a few 
cases, but it is exceedingly rare, and probably only indirectly 
connected with diabetes. In the two cases of diabetes associated 
with acromegaly, recorded pp. 137—8, there was primary optic 
atrophy. In both cases a Barcoma of the pituitary body was 
found; the growth had compressed the optic chiasma and optic 
nerves, and so given rise to optic atrophy. 

Siabrtic ainUyopia. — Occasionally a defect of vision, resem- 
bling tobacco amblyopia, is met with In diabetes. In many of 
these cases naturally the patients have been tobacco smokers, 
and the visual defects liave probably been due to tobacco 
amblyopia in diabetic patients. Also, cases have been recorded 
in which anti-diabetic treatment was incifectual until smoking 
was discontinued. But the same kind of amblyopia has been 
met with in diabetic patients who were not smokers. 

In these cases the vision is impaired, but ophthalmoscopic 
examination reveals no changes in the disc or retina. A peri- 
metric tracing shows that peripheral vision is normal, but that 
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there is a central scotoma for colours, or for both white and 
colours. Diabetic amblyopia is thought to be due to a retro- 
bulbar neuritis. In the two following cases amblyopia of this 
nature was present : — 

Case 1. — A. R. ; the patient suffered from a severe form of diabetes. 
Sight had been gradually failing for fourteen weeks. He had been 
a smoker, but when I examined him had not smoked for three weeks, 
nevertheless the vision had not improved but had become worse. 
Distant vision was t>\ in each eye. The media, optic disc, and retina 
of each eye were normal, but there was a central scotoma. Red and 
green were not recognised at the centre of the field, but were recognised 
at the periphery. 

Case 2. — J. B., set. 30, suffered from a severe form of diabetes. 
Vision was greatly impaired, R. Y. = /^, L. V. = Z^, Ophthalmoscopic 
examination showed that there were no opacities of the cornea, lens, 
or vitreous, and the retina and optic disc were normal in each eye. 
There was no hemianopsia, the pupils reacted to light and accommoda- 
tion, and there was no paralysis of the ocular muscles. Examination 
showed a central scotoma for red and green. Blue and yellow were 
seen in all parts of the field. The patient had smoked half an ounce 
of tobacco daily. 

Schmidt-Rimpler, in the examination of 140 diabetic patients, 
obtained evidence of retrobulbar neuritis (which could not be 
traced to alcohol or tobacco) in thirty-four. In one case of 
diabetes with central colour scotoma, distinct atrophy of the 
macular fibres of the optic nerve was found on microscopical 
examination. 

The foUowmg ocular affections have been also met with in 
diabetes, but probably most if not all of these are mere 
accidental complications : — Diplopia due to paralysis and paresis 
of ocular muscles, loss of the power of convergence, iritis, corneal 
inflammation, conjunctival haemorrhages, furuncles and eczema 
of the eyelids, hemiopia. 

The Sexual Okgans and Functions. 

The afiections of the skin of the genital organs have been 
described already on p. 223. 

In addition to these cutaneous affections, the sexual functions 
are often markedly altered in diabetes. In the male, diminution 
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or losa of the sexual power is not infrequent. The loss of sexual 
power varica in degreu from a dijfective power of erection t<» 
total extinction of sexual desire. It may occur not only in 
advanced cases, but sometimes it is one of the early symptoms, 
aud occasionally the patient first seeks medical advice on account 
of impotence. 

Frerichs (") mentions the case of a diabetic gentleman, 
whose illness dated from a violent fit of passion, brought about 
by the discovery of the deception of his steward. The next day 
sugar was found in the urine, and at once impotence was noticed. 
Seegen records similar cases. Usually, however, the sexual 
weakness is only noticed after the disease has been present a 
long time. 

In the milder forms of diabetes, when the symptoms improve 
under treatment, often the sexual functions are restored. 
Seegen ("*) points out that diiibetic patients frequently note that, 
with an improvement of other symptoms under treatment, 
erections again occur. 

Loss of sexual power does not always occur, however ; even 
when the disease is advanced, the sexnal function may be 
unimpaired. In some cases, both increased sexual power and 
increased sexual desire have been noted. 

In fcmal'S the sexual desire is said to diminish greatly in 
severe cases, whilst in elderly women who suffer from the milder 
forms of diabetes it is said to be increased C^). 

AmenorrhLca is sometimes a symptom at an early stage ; in 
other casea, menstruation occurs at regular or irregular intervals, 
until a later period of the disease. 

Conception may occur in diabetic women, and pregnancy 
and parturition may be apparently unaffected by the disease, 
but there is a great tendency to abortion. According to 
Oaudard ("*), .'ill per cent, of pregnant diabetic women abort. 
During pregnancy and the puerperal state the disease often 
advances markedly. According to Gaudard, 41 per cent, ot 
children born of diabetic women die. 

(Matthews Duncan's C^) conclusions with reference to the 
relation between diabetes and pregnancy are given on p. 114.) 



The Ears, 
Diseases of the ear are not common in diabetic patients. 



SEXUAL ORGANS— EARS—NERVOUS SYSTEM, 239 

Many authors (•®), however, regard diabetes as an occasional 
predisposing cause of furunculosis of the external auditory 
meatus. Also a number of cases have been recorded of acute 
inflammation of the middle ear in diabetic patients. The course 
is said to differ from that of ordinary acute middle-ear catarrh, 
by the rapid onset, the abundant suppuration, the tendency to 
severe haemorrhage, and the early extension of the disease to tlie 
mastoid process. 

Pathological examination has shown that the petrous and 
mastoid portions of the temporal bone are impliwited early, and 
that often extensive caries or necrosis occurs. Frericlis (^^) 
records a case in which otitis media and caries of the mastoid 
process were followed by thrombosis of the lateral sinus. 

Acute otitis media is not common in diabetes. It has 
been present twice only amongst 140 patients who have come 
under my observation in Manchester. In one case the affection 
was bilateral and the suppuration profuse. 

The Neuvous System. 

1. Mental Condition, 

Often there is a marked change in the mental state in 
diabetes. Mental dulness, apathy, or drowsiness, are frequently 
noticed, especially in advanced cases. The patient is often 
disinclined to perform mental or bodily work ; he is frequently 
sorrowful, despondent, melancholy, and depressed ; sometimes 
hypochondriacal, and occasionally has suicidal tendencies. He 
often speaks and looks like a man who recognises his condition 
to be hopeless; and it is somewhat rare amongst the severe 
forms of the disease, such as are met with in hospital practice, 
to find a cheerful, hopeful patient ; and in this respect the wasted 
diabetic differs from the wasted phthisical patient. 

It is not to be wondered at that the patient's character often 
alters as the disease advances. He frequently becomes dis- 
agreeable, bad tempered, and sulky. He may become deceitful, 
untruthful, and cunning. A cheerful, good-natured, well-behaved, 
and agreeable man may gradually become dull, sulky, disagreeable, 
rude, and deceitful, as was the case with a diabetic patient whom 
I had the opportunity of carefully observing for five years. 

Weakness of mental power, of judgment, of memory and 
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will, may occur, but, as a rule, the intellect remains clear up to 
the last. 

Mania has been recorded iu a very few casee. lusomuia 
18 aometimes a iroubleaome symptom, but periodic attacks of 
somnolence have also been describeil. 

Ejiilepsi/ anil diahetrs. — Diabetes and epilepsy are very rai'eiy 
associated in the same aiibject, though epilepsy, diabetes, and 
mental disease are sometimes met with amongst various membere 
of the family of a diabetic patient. In only one case of diabetes 
which has come under my observation was the patient subject to 
fits, but he had sufl'ered from epilepsy for some years before the 
ouset of diabetes. 

As regards the relationship of the two diseases, Ebstein (*) 
points out that glycosuria may be (1) the cause of epilepsy, (2> 
the result, (3) or both conditions may arise independently of 
each other, but may be due to a common cause. 

(1 ) Cases in which epilepsy is caused by diabetes may be divided 
into two classes : (a) Epilepsy may be due to cerebral lesions which 
sometimes occur in the course of diabetes (as in a case recorded 
by Li-pine and Blanc, in which hemiplegia and epileptic attacks 
occurred in a diabetic patient, and both were due to a micro- 
scopical lesion of the cerebral cortex), (b) It is possible that 
epilepsy may be occasionally due to the action of toxic products, 
formed in the system of the diabetic patient. But the con- 
nection is certainly very rare. Thus Dreschfeld (**) states that 
convulsions were present once only out of sixteen cases of 
diabetic coma, and in eighty cases collected from literature he 
found convulsions recorded in six only. Jacoby ("*) has reported 
three cases of epileptic attacks in diabetic patients, which he 
regards as the result of acetonemia ; but certainly convulsions in 
diabetic conui are quite exceptional. In twenty-seven cases of 
diabetic c*)ma which have come under my observation in 
Manchester, convulsions were absent in all, 

(2) Epilepsy is thought by some authors to occasionally cause 
glycosuria. Some of the older observers state that glycosuria 
may be produced by an epileptic fit. Ebstein states, however, 
that he has never found sugar in the urine a.^ the result of a fit 
I may also add that many years ago I frequently examined the 
urine of epileptic patients, when house physician to the Kational 
Hospital for the Paralysed and Epileptic, Queen's Square, 
London, but never mc-c with any case in whifh sugar was present 
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in quantity sufficient to give a reaction with Fehling's solution ; 
neither have I met with any instance since then. Probably 
glycosuria is only very rarely produced by an epileptic tit. 

When diabetes is detected after an epileptic atUick, it is 
difficult or impossible to prove that the former affection is the 
result of the latter. The coexistence of the two affections may 
be merely accidental ; and Ebstein concludes that, from the few 
facts recorded, it appears at present imjDOSsible to prove that 
epilepsy produces diabetes, or even acts as a predisposing cause. 

(3) With respect to the occurrence of diabetes and epilepsy 
simultaneously, Ebstein points out that, since epilepsy frequently 
alternates with diabetes and mental disorders in neuropathic 
families, it would not be in the least surprising if an individual 
affected with hereditary neuropathy developed simultaneously 
epilepsy and diabetes. Also, in other cases, there may be 
predisposing causes determining simultaneously diabetes and 
epilepsy. 

Diabetes and insanity, — In cases of insanity, sometimes sugar 
is found in the urine ; but in thet^e aises the condition is 
generally one of slight glycosuria, or a mild form of diabetes. 
The mental condition is primary, and the glycosuria a secondary 
complication (see p. 92). 

Landenheimer (j^) has recently very carefully reviewed the 
relationship of diabetes to general paralysis of the insane. He 
concludes that there is no clear evidence that diabetes can 
produce general paralysis, but that in a few rare cases symptoms 
resembling those of general paralysis have been met with in 
diabetic patients, and in such cases improvement has occurred 
under anti-diabetic diet. 

2. Localised Brain Lesions. 

A few cases are on record of cerebral symptoms, such as 
hemiplegia, monoplegia, aphasia, hemianopsia, localised epileptic 
convulsions, etc., occurring in the course of diabetes, and yet on 
post-mortem exauunation tlie brain has been found apparently 
normal These symptoms appear to be due to the action of 
some toxic substance, and such cases resemble those of paralysis, 
etc., occurring in unemia, in which brain lesions are not dis- 
covered post-mortem. 

Occasionally diabetes is associated with symptoms of disease 
16 



=42 SYAfPTOMS AND PATHOLOGICAL CHANGES. 

of tlio brniii during life, arid poat-mortem tlie usual changes, 
such as suflening, hitiuorrhage, etc., are found. lu some casi-s 
the ttBHociation is merely accidental ; in other cases the brain 
lesions play some part in the causation of the diahfites ; whilst 
in a third group of cases they are connected with diabetes 
indirectly. Thus it is possible that arterio -sclerosis may be the 
cause of diabetes, by producing p^increatie changes,, or some 
lesions in the medulla ; aud in such cases the arterio-sclerosis 
may also lead to cerehra! hieniorrhage or thromboBic Again, 
it is possible that syphilis may be the cause of diabetes, by 
producing changes in the medulla ; and in these cases other 
Byphilitic lesions of the nervous system may develop. The 
condition of the brain in diabetic patients, and the signiScance 
of the various cerebral lesions detected, !ins been already 
discussed. 



3. Diabetts aiid Lesions of the Sjiinal Cord. 

Glycosuria or diabetes is sometimes associated with symp- 
toms indicating disease of the spinal cord ; in other cases, changes 
in the spinal cord are discovered post-mortem, though there 
have been no indications of spinal disease during life. In by 
far the majority of cases, however, there are no indications of 
spinal diaeivse, either during life or on post-mortem examination. 

(1) Bearing in mind the results of physiological experiments 
on the spinal cord, recorded on p. 65, ic is by no taeans 
improbable that spinal cord disease is occasionally, though very 
rarely, the cause of glycosui'ia or diabetes. 

A number of cases of locomotor ataxia and disseminated 
Bcleroais, associated with glycosuria, aud occasionally with true 
diabetes, have been recorded {""""). It is probable that in some 
of these cases the glycosuria or diabetes has been produced by 
sclerosis, extending to the medulla. Sacb cases are exceedingly 
rare, and in most of them the nervous disease has been associated 
simply with glycosuria, veiy seldom with true diabetes. 

(2) In another group of cases of diabetes or glycosuria 
associated with spinal disease, it is not clear whether the spinal 
disease is the cause of the diabetes, whether both are due to 
some common cause, or whether the association is merely 
accidental. 

Cases of diabetes associated with chronic anterior polio- 
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myelitis — such are those recorded by Nonne (^^) and Striiiiipell (^®) 
— would belong to this class. 

(3) In a third group of cases, changes are found in the spinal 
cord, which are probably the result of diabetes, and due to some 
toxic substance in the blood. 

The following are abstracts of notes in two such cases of 
diabetes, in which I found pathological changes in the posterior 
columns of the spinal cord : — 

[The first case was under the care of Mr. Milner, M.B., at 
the Salford Union Hospital ; the second was under the care of 
Dr. Steell, at the Manchester Eoyal Infirmary. To tlie kindness 
of these gentlemen I am indebted for tlie opportunity of making 
the clinical and pathological examinations.] 

Case 1. — J. 1)., »t 52 — Paresis and wasting of rigid deltoid, 
2)ectoral8, Inceps and triceps mnsdes ; on left side the same miiscles 
affected, hut to a less extent, — Previous health good until nine months 
ago, when he suffered from a severe cold. "Whilst recovering be began 
to be troubled with great thirst. No family hisUiry of diabetes. No 
history of injury or alcoholism. Six months ago the left arm became 
weak. At that time no weakness of the right arm had lieen noticed. 
Three months later the patient regained power in the left arm, but the 
right arm then became weak, and has continued weaker than the left up 
to the present time. 

30//t May 1892. — Prese?it state. — Patient is much wasted. Urine 
1040, no albumin ; contains a large amount of sugar, 20 to 26 grs. to the 
ounce ; quantity of urine, 140 to 170 oz. daily. Arteries atheromatous, 
radials calcareous. No afTection of heart or lungs can be detected. The 
patient cannot raise the hands to the mouth, but can flex at the elbows 
and perform movements of fingers. Abduction and other movements at 
shoulders very feeble. Slight foot-drop. Patient can dorsiflex feet, 
though feebly. He complains of numbness of the legs, and frequent 
cramp in the calves of the legs at night. Knee-jerks both absent. 

29///. June. — Patient is able to walk, but drags his legs and walks 
with his feet widely apart. Xo ataxia. Sliglit dropping of the feet. 
When in bed he can raise his legs in the extended position quite well. 
The thigh muscles are in a fairly good state of nutrition. Slight 
oedema of the feet. Both kneo-jerks are now present, but very feeble. 
Frequent cramps in the calf muscles at night. Xo otlier sensory symp- 
toms in the legs. Wasting of biceps, triceps, deltoid, pectorals, and 
scapular muscles of each side, especially the right. The forearms and 
hands are only very slightly wasted, and present a well-marked contrast 
to the shoulder and upper arm muscles. The posterior borders and 
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lower angles of tliescApuljB projcr.t, especially the left. Tliis |ir(>jecUou 
is more tuHrked wheii the arms are Ttiiscd. When the jmtient shrugs hlE 
ehoiiUera, the upper jiart of each trapesius is felt to contract. Patient 
has difficulty in plai'ing right houd on left shoulder, but can place left 
hand on right shoulder fuirly well. The clavicular part of the right 
pectfjral is markedly wasted, irad there is a deep depression below the 
cliivicle. When the liands ar-c clasped together firmly betweeii the 
Ifnees, tlie left jKctoral muscles become mueh more promiueiit than the 
right. Patient is only able to abrluct at the shoulder to a eliglit extent ; 
he cannot raise the arms into a hoiizontal position. Flexion (forwards) 
at the shoulder is much more feehle on the right side than the left; 
the arm cannot be brought into horizontal position ; it can only be raised 
to an angle of about 45\ The left arm can he Hexed (forwards) at 
the shoulder into the hotiifontal ^wsitioii. Patient can extend at the 
shoulders (backwards) fairly well on both sides, and he is able \ja place 
each hand on the sacrum. Extension of both elbows feeble ; flesion ot 
the right elbow very feeble ; flexion at the left elbow somewhat feeble, 
but much better than on the right side, and much better than extension 
at the same joint. Patient has great difficulty in raising the right 
hand to his mouth. He is obliged to feed himself with the left hand. 
He cannot raise a pot of water to his mouth with the right hand, but 
is able to do so with the left. (I'atient is a right-handed man.) He 
complains of a cold feeling in the fingers and hands, also of numbness 
and tingling in the fingers, He has often to place them in warm 
water to " get the feeling back," The fingers are swollen, especially 
the terminal phalanges, which are bulbous, but the skin is pale. He is 
able to fee! slight tactile sensations, and to distinguiali between the head 
and point of a pin on each arm and hand. 

20//( Juhj. — Knee-jerks now normal, no ankle clonus; right plantar 
relies present, left absent. Abdominal epigastric and cremasteric 
rejlexcs normal. Patient is able to feel and localise touch with a pin*s- 
head, and to distinguish between the head and point of a pin quite well 
all over the arms and legs. Flexion at the right elbow exceedingly 
feeble, and oidy the slightest prominence of the belly of the supinator 
longus can be felt when the elbow is flexed, the forearm being midway 
between pronation and supination. The left supinator longus is fait 
readily, when same movement performed. Right biceps and supinator 
longus greatly wasted. 

There is no ataxy in walking, and no symptoms of tabes are present. 
Death occurred from piithisia, about eleven mouths after the onset of 
the disease. 

Necrupny. — Body wasted. A considerable amount of serous fluid in 
the abdominal cavity. Tuberculous disease of the lungs. Pancreas 
firm ; weight, 3 tn. ; microscopical examination, after hardening, 
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revealed cirrhosis. No changes of importance in the heart, liver, 
kidneys, or spleen. Atheroma of the aorta. Attached to the left side 
of the lumbar vertebrse (first and second) was a firm oval tumour the 
size of an egg. Microscopical examination showed that it was a fibroma. 
The brain (including medulla and floor of fourth ventricle) and the 
spinal cord appeared normal to the naked eye. The arteries and their 
smallest branches to the biceps muscles on each side were completely 
calcified. 

The spinal cord was hardened in Miiller's fluid. On section 
of the hardened cord, in the lumbar region, the cut surface 
appeared quite normal, but in the cervical and dorsal regions 
there were marked naked-eye changes in the posterior columns. 
Portions of these columns were much X)aler than the rest of the 
white matter of the cord. The colour of the affected parts 
resembled closely the colour of tracts of ascendinj^ degeneration 
— in cases of transverse lesion of the cord — after hardening in 
Mliller's fluid. In the lowest dorsal region this change (marked 
paleness) was seen only at the posterior half of Goll's column 
and the posterior third of Burdach's column on each side. A 
little higher, the whole of both posterior columns, with the 
exception of a narrow area in front, was much paler than the 
rest of the white matter (see Fig. 15,c). Higher still, about mid- 
dorsal region, these changas were seen in Goll's columns and the 
median halves of Burdach's columns. At one spot in the upper 
dorsal region the cord was slightly bruised in removal ; but 
examination of the bruised part showed the absence of compound 
granular cells or other evidence of myelitis. In tlie uppermost 
portion of the dorsal region, just above the bruised part, the 
changes (marked paleness) allected Goll's columns chiefly, but 
extended slightly into Burdach's columns. In tlie lowest cervical 
region the changes were very well marked, and aff'ected CJ oil's 
columns only. They gradually diminished at the anterior 
parts of these columns, and in the highest cervical region only 
the posterior two-thirds of Goll's columns were affected, but the 
alteration in colour was quite distinct (see Fig. 15,nr). With tlie 
exception of the posterior columns, the cord appeared quite 
normal to the naked eye. 

On microscopical examination the changes found were very 
slight, and this was surprising, considering the well-marked 
naked-eye appearances. In sections stained according to 
Weigert's method, the posterior median columns in the cervical 
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region were paler to the naked eye than the rest of the white 
matter. In the doraal region they were very lilightly paler than 
the other tracts of white matter, but the difference was less 
marked than in the cervical region, 

la sections stained with aniline hUie-black, the posterior 
median columns of the cervical region were slightly darker in 
colour than other parts of the white matter; but in the dorsal 
region the change could only just he detected. 

Under the microscope, sections stained botli according to 
Weigert's method and with aniline blue-black showed alight 
excess of neuroglia connective tisane in the posterior median 
coluiiuis of the cervical region. 

In thu posterior median columns (cervical region) many of 
tlie nerve fibres were swollen, and the part of myelin which, in 
normal nerve fibres, is stained black in Weigert's method (that 
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ie, outer part) was reduced to a very narrow rim. lu sections 
stained with aniline blue-black, many of the axis cylinders of ner\'e 
libres in the posterior median columns were seen to be swollen. 

In sections stained iiccoi-ding to Miirchi's method, scattered 
degenerated fibres (stained black) were seen in the posterior 
columns (median and external) of the dorsal region and in the 
posterior median columns of the cerviad region ; they were 
more numerous in the latter region. Sections of the lumbar 
part of the coi-d appeared normal. At no part of the cord was 
there any evidence of myelitis. The pyramidal tracts (direct 
and crossed), llie direct cerebellar tracts, and all other parts 
of the wliite matter were normal. In the lower part of the 
cervical region most of the nerve cells of the anterior horns of 
grey matter were pigmented, and some — chiefly those of the 
inner group — were perhaps slightly atrophied. 

The finest nerve fibres entering the biceps muscles (branches 
of the musculo-eutaiieous) were teased in osmic acid, but 
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microscopically they appeared quite normal ; also sections of 
uerve fibres to the biceps muscles, hardened and stiiined accord- 
ing to Marchi 8 method, appeared normal. 

Case. 2. — E. B., aet. 21, gave a history of severe fright, followed by 
great mental distress and anxiety, twelve months previous to admission 
to the hospital. Prior to that date the patient had been in good health, 
but she has not been able to follow her euiployment (that of a dress- 
maker) since. Thirst and diuresis noted first about four weeks after the 
fright. The jwitient was considerably euiaciate*!. The urine had a speciHc 
gravity of 1038 ; it contained a large amomit of sugar, but no albumin ; 
it gave a distinct (Gerhardt's) reacrtion with perchloric le of iron, and a 
well-marked reaction for acetone (Legal's test). There were signs of 
tuberculous disetise of the apex of the left lung, and the sputum con- 
tained numerous tul)ercle bacilli. The knee-jerks were i^rescnt, but 
feeble. The pupils reacted to light and accommodation. A few days 
after admission the knee-jerks disappeared ; they remained alxsent up to 
death, which occurred from iisthenia about seven months after admis- 
sion. During the la'^t few days of life there were slight pains in the legs, 
chiefly about the ankles and soles of the f<?et, but there were no symptoms 
of locomotor ataxy or other cord lesion during the. illness. Both lungs 
were extensively affected with tuborcidous disease during the latter 
three months of the patient's life. The quantity of urine varied from 
about 90 to 116 oz. daily during the time the patient was in the 
hospital, and the amount of sugiir from 28 to 32 grs. to the ounce. 

At the necropsy there was extensive tuberculous disease of both 
lungs. The pancreas was small, and weighed 10 drms. 55 grs., but 
the heart and other organs were proportionally atroi^hied. On micro- 
scopical examination the pancreas appeared normal. 

The spinal cord appeared normal at the necroi)sy, but after 
hardening: in MUller's fluid, marked naked -eve chan;:'es were 
seen in the posterior columns, on transverse section. The 
affected parts appeared much paler than the rest of the cut 
surface, the colour resembling that of degenerated tracts above 
a transverse lesion of the cord, when the specimen has been 
hardened in Miiller's fluid. In the lowest lumbar region no 
changes could be detected, but in the middle lumbar region the 
median thirds of both posterior columns (external and median) 
were slightly paler than the rest of the cut surface of the cord. 
In the upper lumbar region the change in colour was more 
distinct and the i)ale area more extensive (see Fig. 16, c). In the 
lower dorsal region there was a very pale streak in each postero- 
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exlerual columu. Thia waa especially well ninrked in the upper 
dorsal reyion, and extended over the whole of each poetcro- 
external column (see I*'ig. 16, fe). In the lower cervical region 
the postero- medial I columns presented this jiale appearance. lo 
the npjjer cervical region only tiie posterior hal\'e3 of these 
columns were affected (see Fig. 16, a). The direct eerebcllnr 
tracts find other parts of the white matter appeared normal in 
all the regions of the cord. 

Microscopical examination. — Sections were stained according 
to the same methods as in Case 1. In the pale tracts in the 
posterior colamns numerous swollen nerve fibres were seen. 
Only a very narrow rim of the myelin of these fibres was stained 
black in the Weigert'a specimens ; no other changes were 
detected. Nerve fibres (branches of the anterior crural nerve) 

PiQ. 16.^N'iikeiI-eye sppearnuccH r>( the uplual conl ou scotido ^er liardming 
in MuUer*K tliii'l. Cliiinga< in tlie jHiatcrior columiu; nomml wliilg niatter 
ahsiinl, parts of wliite miitti'r iHected ara pal«. a, cerricBl region ; h, apper 
doraal region ; c, upper lilUibar region. 

to the rectus femoria (left) appeared normal ou micnjacopical 
examination. 

In both cases the changes were detected mnch belter by 
the naked eye than on microscopical examination. 

I have examined the spinal cord in six other cases of diabetes, 
but the appearances above described were not met with. 

Slight changes in the posterior columns of the cord, iu diabetes 
raellitiis, have been described by SandmeyerC"), Minor (**), and 
Leyden (*'). Since the above cases were published, Kalmus (") 
has recordetl two additional ciusea in which similar changes were 
found. In the first of hie ca'ics.on naked-eye examination of the 
spinal cord, after hardening in Miiller'e tluid, degenemtion was 
found in the posterior colnmns. This was most marked in th« 
cervicul and lumbar enlargements. In the lower cervical and 
dorsal regions the lesion waa confined to GoU's columns; above 
and below it extended laterally into Bui-dach'a column. The 
sacral region was unaffected. In the lower dorsal region the 
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right posterior column was distinctly more markedly aflected. 
In the second case, degeneration of the posterior columns was 
also found. It was limited to GoU's columns in the upper 
cervical region. In the lower cervical re<^ion it spread to 
Burdach's column, and was most extensive in the lower cervical 
and middle dorsal regions. Below the lumbar enlargement the 
degeneration ceased. 

Somewhat similar changes in the posterior columns, more 
marked to the naked eye than on microscopical examination, 
have been reported by Minnich (^), Bowman, and others in cases 
of pernicious antemia. Tooth (®^) has pointed out that on the 
sixth day after section of the cord in aninuils, tracts of secondary 
degeneration are well marked to the naked eye (by their light 
colour) on hardening in bichromates, whilst the microscopical 
changes at this date after section are very slight, and consist 
chiefly in swelling of the axis cylinders and nerve fibres. Prob- 
ably tracts of degeneration can be recognised by the naked eye, 
after hardening in bichromates, before any microscopical changes 
occur ; and Tooth considers that the naked-eye changes are due 
to a preliminary chemical alteration in the nerve fibres. The con- 
dition of the posterior columns in the cases of diabetes recorded 
above, would appear to corres))ond closely to tlie early stage of 
degeneration described by Tooth. The changes in the posterior 
columns in the cases 1 and 2 were probably the result of the 
toxic diabetic blood condition. 

Kalmus also regards the spinal changes in his cases as the 
result of the action of some toxic substance in tlie blood. 

In case 2, p. 247, the knee-jerks were absent, and slight 
naked-eye changes were found in the lumbar region of the cord. 
As the peripheral nerves (fibres of the anterior crural to the 
rectus femoris) were normal, it is possible that these changes 
were the cause of the loss of knee-jerks. Eichhorst (^'^) has 
found degenerative changes in the peripheral nerves in two 
cases of diabetes in which the knee-jerks wore lost ; but in other 
cases the peripheral nerves liave been normal. The absence of 
knee-jerks in some cases of diabetes may be due to slight changes 
in the lumbar region of the cord, such as those described above. 

The spinal cord has always been normal in the cases which 
I have examined, with the exception of the two above described, 
and the case in which cerebrospinal meningitis was present 
Csee p. 117). 
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Considering ibe question of spinal cord complications from 
the clinical aide, we find their occurrence exceedingly rare. 
Thus, in 140 CEises of diabetes in Manchester, indications of 
spinal cord disease were present during life once only. This 
patient suffered from paresis of the legs with bladder aymptonie, 
probably due to a transverse myelitis. 



4. Affections of the Periphrral Nerves. 

Sometimes one of the earliest symptoms of which a diabetic 
patient complains is cramp in the calves of the legs, especially 
at night; and often there are jwins in other parts of the legs 
also. These symptoms are very common in the severe forms 
of the disease, and attention has been drawn to them by the late 
Sir B. \V. Richardson, Unachuld, and others. In some cases the 
legs are very tender, so that the patient cannot bear one leg to lie 
on the top of the other in bed. Keuralgia and sciatica aonietimea 
occur, but they are very rare in the severe forms of the disease, 
such as are met with in hospital practice and amongst young 
patients. Both neuralgia and sciatica are often bilateral ; they 
have been known to appear at the same time aa the glycosuria, 
and to increase along with the increase of the sugar in the urine, 
and to diminish or disappear when the sugiir excretion diminishes 
or ceases. (Diabetes ueiu-itia is described on pp. 259—66.) 

Analgesia and thermo-anamlhesia.—^YeTgeAy has recorded cases 
of diabetes which have presented sensory disturbances like those 
which are so frequently met with in syringomyelia, i.e. loss ot 
sensation to pain and temperature, whilst tactile sensation has 
been unaffected. I have examined a good number of diabetics 
for this symptom, but have uot met with it. 



The Knee-jerks in Diabetes MeUitin 



Many years ago Bouchard pointed out that the knee-ji 
may disappear in diabetes mellitus (^). In a imper published 
in 1892, I recorded the condition of the knee-jerks in lifty cases 
of diabetes mellitus; in one-half of the cases both the knee- 
jerks were aliaeut (*'). I pointed out that previous statistics had 
varied considerably, and that much difference of opinion existeil 
respecting the prognostic value of this sign. Thus Bouchard 
found the kuec-jerks absent in 309 per cent, of his cases, 
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Auerbach (^) in from 35 to 40 per cent., Maschka (^^*) in 306 
per cent., and Eichhorst (*^) in 209 per cent. Soon afterwards, 
Karl Grube, of Neuenahr, recorded (^^) the results of the 
examination of the knee-jerks in a series of cases of diabetes (^). 
Grube pointed out that in his cases (131 in number) the knee- 
jerks were absent in 7*6 per cent. only. In a second paper (^*) 
Grube adds other cases, and states that in the combined series 
the knee-jerks were absent in 13*5 per cent. 

The great difference between 7*0 per cent. (Grube) and my 
own results, 50 per cent., caused me to examine carefully the 
condition of the knee-jerks in a second series of c^scs, in order 
to find out, if possible, the reason for this remarkable discrepancy 
in statistics- My results in the second series of fifty cases 
were, however, practically the same ; the knee-jerks were both 
absent in twenty-four, both were present in twenty-three, and 
one was absent and one present in three cases. I may point 
out that the cases have been most carefully examined. In taking 
the reflexes, the skin over the patellar ligament has been well 
exposed and the ligament struck directly, no clothing interven- 
ing. If no knee-jerk has been obtained in the ordinary way, 
then Jendnissik's and Buzzard's methods have always been 
employed before the knee-jerks have been recorded as absent. 
(The patient is seated on a chair with his feet w^U in contact 
with the floor, and the knees bent at an angle just a little more 
than a right angle. He is made to look upwards, to link his 
fingers together and to pull tightly. The observer places one 
hand on the rectus femoris muscle, and strikes the patellar liga- 
ment with a percussion hammer or stethoscope. If the slightest 
knee-jerk be present, a contraction of the rectus muscle will be 
felt ^^) In many cases the knee-jerks appeared to be absent 
when an examination was made in the ordinary manner, but by 
the above method they were just obtained; and these cases, 
however feeble the reflexes, were classed amongst those in which 
the knee-jerks were present. Most of the cases examined were 
in-patients at the Manchester Eoyal Infirmary ; they were 
examined repeatedly, often for weeks or months, and were thus 
under the most favourable conditions for examination. Hence I 
feel justified in believing that my figures represent fairly accur- 
ately the condition of the knee-jerks amongst hospital patients 
who suffer from diabetes mellitus in Manchester. The follow- 
ing are my results in 100 cases: — 
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One present, one absent lu 
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Oue (jf the cases in which the knee-jerks were present at 
fii-at, came under observation, for a second time, after an interval 
of eighteen mouths, and both knee-jerks were then absent. If 
tiiis be added to the forty-nine cases, we have then the knee- 
jerks absent in 50 per cent, of the cases. 

As above slated, Grube found the knee-jerks absent in only 
7'6 per cent, of hia first series of case,s. What is the cause 
of this remarkable difference in statistics ? I know Dr. Karl 
Gnibe to be such a careful and reliable observer, that I can 
place the greatest confidence in his observations, and, of course, 
am convinced that his statistics are correct with resppct to the 
cases which lie has examined. But I feel justified in believing 
my own statistics to be also accurate. The difference in results 
is interesting, and I believe the following to be the ex]iIanabioii. 
The 100 eases, on which I have baaed my statistics, have been 
mostly hospital patients in Manchester, who have been aulTeriiig 
usually from a very severe form of the disease. In a large 
proportion of cases the disease has been in a very advanced 
condition, and often the observations have been continued 
practically up to the last — -in twenty-six out of the 100 
cases up to the last few days, aud in a large number of 
cases Tip to the last few weeks of life. The majority of the 
patients have been poor, hardworking people, and amongst 
the 100 cases there were very few e.tampies of the mild 
form of the disease which is met with in stout or gouty 
old people. As regards nge, eighty-one of the 100 cases 
were under the age of 50 years. On the other hand, Dr. 
Karl Grube states (**) that the majority of his patients were 
over the age of 50 years, and it is well known tliat the 
severity of the disease is much less in patients over that 
age. Then, again, Dr. Grube is engaged in private consulting 
practice at Neuenahr, a small town in West Oerniauy, much 
frequented by diiilMitic patients on account of its alkaline 
mineral waters, which are regarded as being of great value in 
diabetes, especially in the diabetes of gouty persona. Also his 
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patients have probably been in a better social position, and 
have lived under more favourable conditions of life, than the 
hospital patients on whom my observations were made. Prob- 
ably a large proportion of his cases would not be in the very 
last stage of the disease, otherwise they would not have been 
allowed to travel to Neuenahr. These I believe to be the causes 
of the difference of our results. I think it is a point of some 
interest that the knee-jerks should be absent so much more 
frequently amongst diabetic hospital patients, who usually suffer 
from the disease in its severest form. Eichhorst (®®) has pre- 
viously drawn attention to a difference between his hospital 
and private patients, the knee-jerks being absent in 42*9 per 
cent, of the former and 16*7 per cent, of the latter; but his 
observations were based on thirty -six private cases and only 
seven hospital patients. 

In the earliest stage of diabetes, even in its most severe 
form, I believe the knee-jerks would be found present as a rule; 
but in these cases they are very often lost later. I have fre- 
quently observed that in the severe cases in which the knee- 
jerks have been present when first examined, they have finally 
disappeared if the cases have been under observation for a 
long period. Sometimes I have found the knee-jerks pre- 
sent in mild cases of long duration ; once at the end of five 
years, once after the disease had been present seventeen years. 
In the 100 cases which I have examined, the knee-jerks, as 
above stated, were lost in 50 per cent., but in many cases I 
was not able to continue my observations up to the last. In 
twenty-six cases, however, in which I examined the knee-jerks 
up to the last day or last few days of life, I found they were 
both absent in nineteen ( = 73 per cent), and present in seven ; 
but in four out of these seven cases they were exceedingly feeble. 
In the majority of cases I have found the knee-jerks to be absent 
during diabetic coma. Thus in twenty-one cases of diabetic 
coma which have come under my observation in Manchester, the 
knee-jerks were absent in eighteen, but in three cases they were 
present (in one case, half an hour before death ; in another, three 
hours before death ; and in the third case, at the commencement 
of coma). Generally, however, the knee-jerks were absent for a 
long period before the onset of coma. In one case they were pre- 
sent the day before the commencement of coma, but disappeared 
when the early symptoms of that complication were observed. 
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The followiag table (of 100 cases) shows that the knee-jerks 
are lost in a much greater proportion of cases under the i 
30 years than in cases over 30. 

Taiile *ha\xinij tlie Relation behreen the Presence or Al/geiice vf Kiwu-JerU 
and the age at irhieh, Diitheles occurs.'^ 
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> Thii table Li bued on anoUKr leria or 100 catn. 

It is well known that in young persona diabetes is of a 
much more severe type than in middle or advanced life ; and 
this may be the reason why the knee-jerks are absent in a 
greater proportion of eases under the age of liO. 

Variability of tlu, rejlcx., — A knee-jerk which haa disappi^ared 
in a patient siifl'ering from diahotea, may return again, and vary 
very much in the course of time. Thus in a case, J. L., a?t. 36, 
in September 1890, the knee-jerka were ahsrnt. Urine, daily 
quantity 210 to 280 oz. ; sp. gr. 1030 ; acid, no albumin ; sugar 
= 27 to 30 grs. to the ounce. 

25th Novcviher. — Knee-jerkspTTse/tf; urine, 8p. gr. 1032; 26 
gra. sugar to ounce ; trace of albumin, marked reaction with FeuClip 

30iA JuTie 1891. — Knee-jerks absent. 

\1lh Sc/ilembfr 1891. — Patient improved; right knoe-jerk 
present, but very feeble ; left knee-jerk absent. 

In another ciibo, J IJ., set. 52 (urine, 1030 ; 26 grs. of sugar 
to ounce; amount of urine, 150 to 170 oz. daily), the knee- 
jerks were absent (Jendnissik's method), May 1892. 

29^A Jiiar. — Knee-jerks present. 

20/A ^''/y, ^Knee-jerks well marked. 
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Relation to general nutrition. — In diabetic patients who are 
obese, as well as in those who are markedly wasted, the knee- 
jerks are sometimes absent, sometimes present; but they are 
more frequently absent in the latter cases than in the former. 
Thus in fifteen fairly stout diabetic patients, the knee-jerks were 
both present in twelve, absent in one ; and in two cases one 
reflex was present, the other absent. In fifteen patients who 
were markedly wasted, the knee-jerks were absent in ten. 

JRelation to the condition of the tirine. — Though the knee-jerks 
are more frequently lost in the severe than in the mild forms 
of the disease, there is no close relation between the state of 
the reflexes and the condition of the urine as regards specific 
gravity, quantity of sugar, perchloride of iron reaction. Occa- 
sionally they are absent when the urine only contains a moderate 
amount of sugar; sometimes they are still present when the 
urine contains a very large percentage of sugar. 

When the perchloride of iron reaction is intense, the knee- 
jerks are sometimes present, sometimes absent. 

Relation to pathological conditions. — The loss of the tendon 
reflex cannot be regarded as evidence of the nervous origin of 
the disease in any particular case, but must be looked upon 
simply as a complication. Thus in the case of diabetes 
presenting symptoms of gross lesion of the nervous system, 
recorded on p. 132, the knee-jerks were present. 

In another case of mild diabetes, in which a tumour of the 
pituitary body was found post-mortem, the knee-jerks were 
present. On the other hand, they were absent in a case 
following a blow on the head, and in cases having a previous 
history of great mental worry. 

Subcutaneous injection of strychnia does not cause the knee- 
jerks to return (Eosenstein). 

As regards the cause of the loss of knee-jerks in diabetes, 
the frequent association of pain, numbness, muscular tenderness, 
and cramps points to an early peripheral neuritis (^'^) ; and a few 
cases have been recorded in which well-marked typical motor 
and sensory symptoms of peripheral neuritis have been present(®^); 
also in a few cases examined pathologically, parenchymatous 
neuritis of the peripheral nerves (branches of the anterior crural) 
has been found (^). But frequently when the knee-jerks are 
absent there are no other indications of slight peripheral neuritis, 
and the peripheral nerves may be normal on pathological examin- 
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atioii. I liave examined the smalt peripheral nerves in tlirw 
cases of diabetes mellituB in which the knee-jerks were absent 
— in two cases the branches of the anterior crural in the thigh, 
in the third ease branches of the anterior tibial. In all three 
ciisea the nerve fibres appeared normal. I have found slight 
changes in the posterior columns of the spinal cord in two cases 
of diabetes (^"*). Similar changes have also been recorded by 
Sandmeyer ('*"), Leyden ('"*), and Minor (*"") (see p. 24C), In one 
of these two cases the knee-jerks were absent, llie periphend 
nerves examined (branches of the anterior crural) were normal, 
but changes were found in the posterior columns extending down 
to the upper lumbar region. In other cases I have found the 
spinal cord normal, and many caees have also Ijeen recorded in 
which the knee-jerks have been absent, and yet the cord has been 
normal on patholfjgical examniation. Nonne has reported a case 
of diabetes complicated with progressive muscular atrophy ('**). 
Pathological examination revealed chronic anterior poliomyelitis. 
The nerve cells and fibres of the anterior horns of grey matter 
were markedly degenerated at all parts of the cord ; at a 
late stage of the disease the knee-jerks were absent. In one 
case in which the knee-jerks were absent during life, I found 
both the smallest peripheral nerves (branches of anterior crural) 
and the spinal cord normal on pathological examination, and 
others have recorded similar resuItB("^). 

The changes just mentioned (in the peripheral nerves or spinal 
cord) have been sufficient to explain the loss of knee-jerks in 
certain cases. But in other coses, in which both cord and small 
peripheral nerve present no recognisable changes histologically 
(and probably these are more numerous than the former), some 
other explanation is needed. Either changes (not yet described) 
are present in the most minute nerve fibres and motor end- 
plates, or the loss of the knee-jerk is due to some functional 
alteration in the spinal cord, peripheral nerves, or musclee. 
Marinesco ('**) has recently recorded a case of diabetes in which 
both knee-jerks were absent, but after an attack of hemiplegia 
the knee-jerk returned on the paralysed side, the case being 
analogous to that of tabes reported by Dr. Hughliugs Jackson 
and Dr. Taylor, in which, after an attack of hemiplegia, the 
knee-jerk returned on the paralysed side. 

Prognoitic value of absent kiier-jcrks. — Whilst some writers 
do not attach any prognostic value to the loss of knee-jerks. 
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others consider that the prognosis is distinctly more unfavour- 
able in cases in which the knee-jerks are absent. Bouchard, 
Nivifere, Marie, and Guinon (^®") hold the latter view, and give 
statistics in favour thereof. As already mentioned, the knee- 
jerks occasionally persist up to the last. On the other hand, 
they are sometimes absent in mild cases. Nevertheless the 
knee-jerks are more frequently lost in severe than in mild cases, 
and though other symptoms give much more important prognostic 
indications, still the absence of knee-jerks must be regarded as 
an unfavourable sign. 

The following table shows the duration of life in ten patients 
whose knee-jerks were absent, and in ten patients whose knee- 
jerks were present, on first coming under observation : — 

Duration of Life from Date on. which the Condition of the Knee-jerlxs 

teas first ascertained. 

When patient first came under observation. 
Knee-jerks absent Knee-jerks present 
in ten cases. in ten cases. 

Died within two weeks .... 4 1 

„ between two weeks and six months . 2 3 

;, „ six months and twelve months 2 1 

.*. died within twelve months . . 8 5 

Died between one and two years ... 1 3 

Alive two years afterwards .... 1 2 

.*. survived over twelve months . . 2 5 



Conchisions, — (1) In Manchester, amongst hospital patients 
suffering from diabetes mellitus, the knee-jerks are lost in from 
49 to 50 per cent, of the cases. These patients mostly suffer 
from a severe form of the disease; 81 per cent, are under the 
age of 50 years; frequently there is great emaciation, and the 
cases are often at an advanced stage. (2) In private j)ractice, 
amongst patients who live under more favourable conditions, and 
in the milder forms of the disease occurring in gouty or well- 
nourished people over the age of 50 years, I believe the pro- 
portion of cases in which the knee-jerks are .absent will be much 
less (knee-jerks were absent in 16*7 per cent, of private 
l>atients, Eichhorst; 7'6 per cent., Grube of Neuenahr — the 
17 
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patients being mostly over 50 years). (3) The knee-jerks 
when piesent at an early period are frequently Jost or dimis- 
ished later. During the kst few days of life the knee-jerkB are 
lost in 7-i per cent, of hospital diabetic patienle in Mnnchester. 
(4) They were lost in eighteen out of twenty-one casea of dia- 
betic coma (86 per cent.). (5) Amongst diabetic hospitnl 
patients the knee-jerks are more frequently lost under the age 
of 30 years than over 30. (6) Since the course of diabetes 
mellitus depends on so many circumstances, it is somewhat 
diHicult to estimate the exact prognostic value of one symptom, 
which is occasionally absent even up to the last; but the above 
facta and considerations seem to show clearly that the loss of 
knee-jerks is more frequently associated with unfavourable prog- 
nostic indications. 



G. CoTidilion of olhtr Be^e-c 



I Diabetes. 



In serrrf cases of diabetes the wrist-jerks are frequently 
absent. When the knee-jerks are lost in diabetic patients, I 
have usually found the wrist-jerks absent also ; though thii 
not invariably the case. The following results are taken from 
my notes in fifty cases of diabetes (mostly severe forms) : — 

Cnwa, 

Both wrist-jerks absent in . , . .30 

Both wriat-jprka preEent iii 19 

One absent, one present . . ... 1 



50 



his is I 
from I 



[It is to be remembered, however, that the wTist-jerks are 
sometimes absent in health. A few yeais ago I examined the 
condition of the wrist-jerka in 110 persons, who were either 
in good health or were Buffering fi'om some local sui^cal 
affection not likely to have any effect on the reflexes. In this 
series' of ca.sea I found the wrist-jerks present in practically 
75 percent, and absent in 25 per cent.] 

Of the nineteen diabetic eases in which the wrist-jerks were 

present, the knee-jerks were also present in eighteen ; in the other 

E one knee-jerk was absent and one present In the thirty 

diabetic cases in which the wrist-jerka were lost, the knee-jerks 

were also absent in twenty-five ; in the other five cases the 





PERIPHERAL NEURITIS IN DIABETES. 259 

knee-jerks were present, but in three of these they were very 
feeble. In the case in which one wrist-jerk was present and 
the other absent, both knee-jerks were lost. 

As already stated, the figures given above indicate the 
condition in patients suftering mostly from the severe form of 
diabetes. I have not had the opportunity of making observa- 
tions on an equal number of cases of the mild form, but I 
believe that in such a series the wrist-jerk would not be found 
absent much more frequently than in healthy persons. 

The superficial reflexes — plantar, abdominal, and epigastric — 
are present as frequently as in health, whatever may be the con- 
dition of the deep reflexes. In the severe forms of the disease 
the superficial reflexes are usually well marked ; and when the 
knee-jerks and wrist-jerks are absent, generally the superficial 
reflexes are readily obtained. 

7. Peripheral Neuritis in Diahdes, 

The occasional occurrence of various forms of paresis and 
paralysis, and the frequency of neuralgic pain in the limbs in 
diabetic patients, have been mentioned by many of the older 
medical writers, but it is only within recent years that any of 
these symptoms have been attributed to peripheral neuritis. 

Some of the nervous symptoms met with in diabetic patients 
strongly resemble those of alcoholic and other forms of peripheral 
neuritis. 

V. Ziemssen (^®®) was the first, in 1885, to attribute the 
neuralgia so often observed in diabetes, to peripheral neuritis. 
Soon afterwards v. Hoesslin (^^^), and at a later date Eichhorst, 
supported this view. 

Pryce Q^^) has reported a case of diabetes with ataxic 
symptoms, in which the peripheral nerves showed evidences of 
neuritis. 

Leyden ("i), Althaus Q^% Charcot Q^^), Buzzard Q^% 
Auche ("^), Bruns (^^^), have reported cases of peripheral neur- 
itis in diabetes, or, to be more exact, cases presenting symptoms 
similar to those of neuritis from alcoliol or other causes. 

More recently other cases have been recorded by Eich- 
horst (^^^), Pryce (^^®), and Eraser and Bruce (^^^), in which 
changes have been found in the peripheral nerves. 

The proportion of cases of diabetes presenting marked 
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symptoma of peripheral neuritis is very small, but slight symptoms 
are commou. 

The following are brief notes of two cases presenling slight 
sjinptoiiis of peripheral neuricis, such as are frequently met 
with :— 

Cask 1.— T. K., wt. 26. Urine 1040; no ftlbiimin ; VmXtnl will. 
sugar. When patient first cnmo under ray care, tbe knee-jerks were 
present, and there were frequent cranqia in the legs. Ten months later 
he complained that he had to drag hia li-gs lu w.ilking. There was 
slight tendernese of the caif muscles, and frequent cramps ; he com- 
pluincd of great pain of a gnawing character in the calf muscles and in 
till! front of the thighs ; also he had pain over the tibiie. Left knee- 
jerk absent; right, very feeble (Jendr^ik's method). At a lati-r data 
he also complained of tingling and numbness in the l.^gs. No real 
paralysis, no antes the sia. 

Cabk 2. — J. R., a-t. 4". When the iiatient first came under my 
care, the knee-jerks were absent, but there were no other signs of 
neuritix. Urine 1032, pale, acid, no albumin, contained a large araoant 
of Kiigar. At a later date both legs became numb; there was also 
tingling and pain in the legs, and the calf muscles were toDdcr. The 
legs became h" tender that jiaii^nl " could not hear one leg on the top of 
the other in bed.'' He could feel and localise a touch with a pin's bead, 
and could distinguish between the point and the head of a pin. Slove- 
ments legs weak, but no real paralysis. 

In both of these cases the symptoms resemble those met 
with iu the early stages of alcoholic peripheral neuritis. In 
neither case was there a history of alcohol, nor of anytbiug to 
which the symptoms could be attributed except diabetes. 

Many years ago, when house physician to Dr. Buzzard at the 
National Hospital fur the Paralysed and Epileptic, Queen Square, 
IjoaAon, I had the opportunity of observing a well-marked ease of 
diabetic neuritis. Buzzard ("*) has since recorded the case, and 
uH it is one of the most marked on record, I add a brief abstract, 
taken from his report : — - 

>T. K., set. 55. Ten months before the patient earne under Dr. 
Tiuzzard's observation, he began to aulTer from severe j«in and tender 
ness on the front of the right thigh, which soon extended down to the 
foot A month later the left leg was aiieeted in the same way. Both 
h'gs became weak, and at the end of three month? he was unable to 
walk. He then began to suifer from " pins and needles " in the soles of 
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the feet, and at a later date had numbness and tingling in the tips of 
the fingers. Soon after the onset of illness, thirst, diuresis, and wasting 
became prominent symptoms. 

During the time the patient was under treatment, the chief 
symptoms were — Loss of power in the legs ; inability to dorsiflex the 
feet ; dropped toes of left foot ; wasting of muscles ; reaction of de- 
generation in anterior tibial muscles ; absence of knee-jerks and i)lantar 
reflexes ; continuous i)ains in the legs and feet ; tenderness of the 
legs and soles of the feet; numbness and tingling in the legs and 
diminished cutaneous sensibility ; pains in the fingers and diminution 
of tactile sensation in the hands. The bladder wtus not atfected. 
On the outer side of the right foot, just below the malleolus, was a deep 
ulcer surrounded by an area of congestion, and there was also a cicatrix 
of an oM ulcer just below the metatarso - phalangeal joint of tin* 
great toe. 

Urine, 57 to 84 oz. ckily; sp. gr. 1042 to 1045. Sugar, 25 to 35 
grs. per oz., according to diet By rigid diet the sugar was reduced to 
16 grs. to the ounce ; the ulcers healed, and patient improved. 

Such cases as the one just recorded are exceedingly r<are. 
Amongst 140 diabetic i)atients who have come under my obser- 
vation in Manchester, I have never seen any similar case pre- 
senting such distinct motor symptoms of peripheral neuritis. 

I have met with two cases of diabetes, in which there 
lias been neuralgic pain down the front and inner side of the 
right thigh (along the course of the anterior crural nerve), 
accompanied by paresis of the muscles which tlex the thigh 
on the abdomen. In one case both knee-jerks were ])resent, 
in the other the knee-jerk was absent on the atlected side 
but present on the opposite side. Probably both were cases 
of localised neuritis in the anterior crural nerve, Bruns has 
recorded similar cases. 

Laseque, Charcot, and others have described a number of 
cases of monoplegia and paralysis of single groups of muscles in 
diabetic patients. Lecorche (^-^) points out the rarity of these 
cases, and states that they do not appear to be connected with 
any profound lesion of the nervous system ; tliat th(^y jivti 
characterised by the paralysis being incomplete, localised, and 
transitory ; and, generally, sensory symptoms, hyijera-sthesia, or 
antesthesia are ])resent. It seems probable tliat these cases 
are due to an att'ection of the peripheral nerves or peripheral 
neuritis. 

Ulcers on the feet, especially about the toes, " perforating 
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ulcers," are sometimes met with in diabetic patients. Probably 
tliey are due to peripheral neiiritia (see p. 22G). 

JiAsume. of symptoms in didbfiie neuritis. — Slight symptoms of 
neuritis, such as pain in the legs, cramps, numbness, tingling, 
tenderness, and absence of knee-jerks are not infrequent, but 
marked paresis or paralysis is rare. The onset of symptoinB is 
gradual or subacute. 

On an analysis of sixteen cases, recoi-ded by various authors 
during the last four years, the following description is based: — 

Motor symptoms. — Paresis or paralysis, wlipii present, most 
frequently affects the legs — diabetic neuritic paraplegia (Buzzard). 
In some cases — Buzzard("*) and Charcot('") — the anterior 
tibial muscles aie chiefly afl'ected. There is dropping of the 
toes and feet, and the patient is unable to dorsitlex the feet. 
In other cases, as in the two mentioned on p. 261, and in three 
recorded by Bruns {""), the paralysis affects chiefly the museles 
supplied by the anterior crural and obturator nerves on the front 
of the thighs, and the symptoms are sometimes much more 
marked on oiie side than the other. In a ease recorded by 
Auche these muscles were affected on one side only, and the 
patient was unable to go upstairs. In some cases — Leyden (*'^), 
Salomonsen ('**) — the motor symptoms are described simply as 
weakness in tlio legs. The arms may be affected without the 
presence of any pamlysis in the legs. One arm only may be 
paralysed, or one arm may be affected at first, but at a later 
date both may be affected (Buzzard"*). In other cases the 
muscles ot the shoulder and upper arm may be affected ou one 
or both sides (see also case recorded, p. 243); or the paralysis 
may be localised to a group of muscles, as the muscles supplied 
by the nliiar nerve (Ziemssen), or to a single muscle, as the 
deltoid (Althaus '"). 

The affected muscles are generally wasted. In one case 
(Charcot) they are said not to have been wasted. The knee- 
jerks ai'e absent when tlie legs are affected. Diminiahed 
excitability to electricity, and partial or complete reaction ot 
degeneration, have been often observed in the affected muscles. 

The sensory symptoms are often more marked than the 
motor, and may be present when the latter are very slight 
or absent. When motor symptoms are present, the senaoiy 
are generally localised in the same region ; in the legs below 
the knees, when the anterior tibials are chiefly affected ; in 
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the front of the thighs, when the muscles of this region are 
chiefly affected (Bruns) ; in the arm (Buzzard) ; or in the region 
of the ulnar (Ziemssen) or the circumflex nerves (Althaus). In 
some cases in which the legs are chiefly affected, sensory 
symptoms are also present in the hands, and the grasp is weak. 

The following are the chief sensory symptoms: — Pain, 
neuralgic in character, often described as intense or violent, 
shooting or tearing; hypericsthesia, tenderness, and pain on 
pressure of muscles ; tingling, numbness ; sometimes a sensation 
of coldness in the hands and feet. Diminished tactile sensation 
is rare, but even aniesthesia may occur (^^*) ; also diminished 
sensation to pain is recorded. Neuralgia unassociated with motor 
symptoms often occurs in diabetes, and is characterised, ac- 
cording to Berger, by its spontaneous origin, by its frequent 
localisation in the branches of the sciatic, sural, and plantar 
nerves, by the violence and long duration of the attacks, by the 
occurrence of vasomotor disturbances in the district of the 
affected nerves, by the resistance to ordinary treatment for 
neuralgia, and by the improvement under anti-diabetic treatment. 
The cause of neuralgia, at least in a certain number of cases, 
is probably neuritis. In some cases the nerves affected have 
been noted to be tender on pressure. 

The condition of bladder and rectum has frequently not been 
stated, and therefore probably it has been normal. In other 
cases both have been definitely stated to be normal. In one 
case (Charcot) there was slight incontinence of urine. 

Small ulcerations about the toes, perforating ulcers like those 
of tabes Q^^ ""'^ ^^*), shining and glossy skin, ecchymoses, shedding 
of the nails, and oedema, have been recorded. Herpes zoster has 
also been described (^^). 

Ataxia has been occasionally noted (^^®). 

Leyden recognises three forms of peripheral neuritis in 
diabetes : — 

1. The hypercesthctic or neuralgic variety, in which there is 
more or less severe pain. This variety may occur in the form 
of neuralgia (trigeminal neuralgia, sciatica, etc.), or as a multiple 
neuritis in the feet, legs, and hands. Usually there is weak- 
ness of the affected parts. Pain stands out as the prominent 
symptom 

2. The motor or paralytic form. In this form there is more 
or less marked paralysis of muscles of the legs or of other 



parts. The knee-jerks are Joat. Electrical changes are some- 
times found. Often iii this form there are ueuritic pains. 

3. The ataj:ic form, &o-ca]Ie(i pseudo-tabes. In this variety, 
besides ataxia, there are seasory Bymptome, numbness, fonnica- 
tion ill the feet. The muscular power for coarse movements is 
maintained, or not essentially diminished. The tendon reflexes 
are lost But the pupils react to light and nceommodaliou, and 
in this respect, therefore, the cases differ from many cases of 
true locomotor ataxia. Some neurologists, however, doubt the 
occurrence of real ataxia. 

As Charcot pouits out, however, occasionally, though rtry 
rarely, a pjitient may present symptoms of true tabes dorsalis 
along with diabetes. He recognises tn"o groups uf possible cases — 

(1) In cases of tabes dorsalis, symptoms of diabetes may occur, 
the latter being a complication, and due to the extension of the 
lesion to the floor of the fourth ventricle. In these cases gastric 
and laryngeal crises are oft-en observed. Such cases, however, 
are exceedingly rare. Marie and Guinon examined the urine iu 
fifty cases of tabes without finding glycosuria in a single case, 
Gillaa found glycosuria three times only in 100 cases of tabes. 

(2) There is the possibility of the occurrence of tabes and diabetes 
in the same patient as a coincidence. 

Pathdogical ecidence.—\u most of the cases of peripheral 
neuritis recorded, the diagnosis rests on clinical evidence — the 
similarity of the symptoms to those of neuritis produced by 
other causes ; the absence of any symptoms definitely referable 
to tho spinal cord or brain ; and the absence of any of the 
other recognised causes of neuritis, such as alcoholism, plumbiam, 
diphtheria, etc. 

In a few cases the diagnosis has been confirmed by post- 
mortem examination — in three cases reported by Pryce ("* '"^ ^"), 
in two cases reported by Eichhorst ("'), in three reported by 
Aucbii(^'*), and in one reported by Fraser and Bruce C""), 

In all these cases microscopical examination revealed the 
existence of parenchymatous neuritis iu the nerves of the afl'ected 
parts. In the case reported by Fraser and Bruce the alTected 
nerves presented changes similar to those described by Gombault, 
as Tu'iirUe scijmentai're 'periaxth. 

In one of Au chip's cases there was paresis of the legs, 
muscular cramps, and gangrene of the right foot. In another 
case there were itching, tingling, and pricking pains in the feet. 
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legs, and hands, and the knee-jerks were absent. In a third 
case there were violent cramps in the calves at night, slightly 
diminished sensation to a pin-prick on the dorsal surface of the 
forearms, subinguinal haemorrhages, shedding of the nails. 

In one of Eichhorst's cases the knee-jerks were absent, but 
there was no paralysis and no disturbance of the sensation. In 
the second case the knee-jerks were absent; the patient was 
able to move the arms and legs, but there was marked muscular 
weakness of the limbs. Examination of the anterior crural 
nerves in both cases revealed parenchymatous neuritis. 

In the first case, reported by Pryce, there were perforating 
ulcers on both feet, diminished cutaneous sensibility of both 
feet, and of the lower thirds of both legs. The knee-jerks were 
absent. It is also stated that the patient had ataxic symptoms. 
The examination of the peripheral nerves (by Mr. Bowlby) re- 
vealed parenchymatous neuritis, but the ganglion cells of the 
lumbar region of the cord were atrophied also. In the second 
and third cases ataxic symptoms were present, cutaneous sensi- 
bility was diminished, the patients suflered from pain in the legs, 
and finally gangrene occurred. 

In the case recorded by Eraser and Bruce the knee-jerks 
were absent, and the patient suflered from pains in the legs and 
tenderness of the calf muscles. 

In most of the cases recorded the neuritis has occurred in 
patients over the age of 50 (in twelve out of sixteen cases). 

All writers on the subject agree that the neuritis does not 
bear any relation to the amount of sugar in the urine. In many 
of the cases recorded the amount of sugar has been small ; in 
one reported by Bruns it was not quite 1 per cent., and in 
another case it was between 1 and 2 per cent. Further, the 
symptoms continue if, by strict diet, the sugar can be made to 
disappear from the urine. 

The above facts seem to indicate that the neuritis is not due 
directly to the presence of an excess of sugar in the blood. 
Auche has made experiments on the lower animals, and exposed 
the sciatic nerve to the action of difl'erent fluids containing sugar. 
His experiments show the sugar lias only a slight action on the 
nerves, similar to that produced by water, and the changes in 
the nerves in diabetes are probably due to some other cause — 
the poverty of the tissues in water, the general disturbance of 
nutrition, acetone, or some unknown chemical substance in the 
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blood, Gowera believes that the neuritis is due to some toxic 
substance comparable to acetone, but not acetone, and he thinks 
the fact that the reduction of the sugar excretion has but little 
influence on the condition, Bu^gests tliat the poison is not a 
product of the doconi position of sugar, but a material formed in 
place pf sugar by some modification of the chemical processes 
that lead to the increased sugar production. 

Changes in t/te mnscleB have been described by Fraser and 
Bruce ("") in the cage in which the nerves showed the signs of 
peripheral neuritis. 

The muscles, on microscopical examination, presented a slight 
increase in the distinctness of the longitudinal striation. This 
was due to the presence of rows of fine fat granules between the 
fibrill.L' of the muscle. The granules were all extremely minnte, 
and seemed to be developed from the cement substance rather 
than the muscle fibres. In the portions of the muscles where 
this degeneration was found, the transverse striation of the fibres 
had disappeared. 
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DIABETIC COMA. 



A DIABETIC patient raay become comatose owing to various com- 
plications. Thus cerebral hicmorrhage or softening, meningitis, 
and interstitial or parenchymatous nephritis, may give rise to 
coma, when occurring as complications in a diabetic subject. 

But apart from coma, produced by these and other complica- 
tions, there is a special group of symptoms ending in coma, 
which is a frequent termination of diabetes. These symptoms 
are unaccompanied by any gross lesions of the organs, and are 
apparently due to the toxic condition of the diabetic blood. The 
name of diabetic coma has been given to this peculiar group of 
symptoms, ending in unconsciousness. It was first described in 
Germany by Kiissmaul in 1874 ; and in England, Sir W. B. Foster 
drew attention to it in 1877. Diabetic coma has also been 
carefully studied by Dreschfeld, Frerichs, and numerous other 
observers more recently. 

Generally, the patient comes under treatment for other 
symptoms of diabetes before the onset of coma ; but occasionally, 
especially in acute cases amongst the poor, the patient is first 
seen during the comatose stage. Thus a man was recently 
brought to the Manchester Infirmary in a semi-comatose state. 
The symptoms and the condition of the urine showed the case 
to be one of diabetic coma, but the tubercular disease of the 
lungs from which he suffered had led the medical attendant to 
overlook the primary disease — diabetes. It is somewhat 
surprising that diabetic coma has not given rise to medico-legal 
difficulties more frequently ; and this no doubt would happen if 
diabetes were a more common disease. It is possible that a few 
of the unsatisfactory cases of coma which have not been cleared up 
by post-mortem examination — cases which have been regarded 
as serous or simple apoplexy, or of sunstroke, etc. — have really 
been due to diabetic coma ; and since there are no pathological 
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appearances whicli are characteristic of dinbetes or of iliabetic 
coma, a pathologist would not be able to arrive al a correct 
diagnosifi, in the abeence of a chemical aiialyeis of the urine or 
blood. 

Frequency of diabdic coma. — Coma is the most freqiieut 
termination of diabetes. Thus, iu twenty-eight of tbe l^et forty 
fatal cases of diabetes which have come under my observation, 
the cause of death was coma. 

Bctalton to phthisis. — When advanced phthisis is present as 
a complication of diabetes, death by coma does not usually 
occur ; iu most cases of diabetic coma, phthisis is absent, or the 
lung changra are slight. But to these general rules exceptions 
occasionally occur. Thus, in twenty-eight aiwes of diabetic coma, 
which have come under my observation during the last six years, 
there was extensive tuberculosis of the lunga (verified patho- 
logically) in four. 

Exciting Cause, eic. — -Diabetic comn occurs both in the 
severe and mild forms of diabetes. It may terminate life in 
mild cases associated with obesity, hut it is especially common in 
the severe forms of the disease. It may occur at any age, 
but it is very common in young persons and in persons under 
middle life, 

Drcschfcld (') found, from an analysis of eighty cases of 
diabetic coma, that 70 per cent, occurred between the ages of 
20 and 40, and only ^4 per cent, between 40 and 60, though 
death from diabetes is more common at the latter-mentioned 
period, as is shown by the tables on p. 97, Coma mny lemiiuate 
the life of a patient at an early date after the first appearance 
of the diabetic symptoms, or it may not occur for years after 
tbe onset of the disease. Examples of the early onset of coma, 
from two weeks to sis months after the commencement of the 
disease, will be found mentioned on p. 275. 

Dreschfeld refers to a cnse communicated to him by Cliarcot, 
in which the urine was examined and found free from sugar two 
months before death from diabetic coma. 

Sometimes several members of a family suffer from diabetes, 
and die of diabetic coma. Quincke records the case of a girl 
who died of diabetic coma at the age of 16, the patient's brother 
died of diabetic coma at the age of 19, and an uncle at tbe 
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a long railway journey — such as is necessitated in a visit to a 
town physician by a patient living in a distant country place. 
Frequently the journey to a continental spa, such as Carlsbad, 
lias been the exciting cause of diabetic coma. Excessive 
muscular exertion is another exciting cause. Again, coma has 
often developed in diabetic patients somewhat suddenly after 
severe mental shock, anger, fright, disappointment, emotional 
disturbances, mental strain, and worry. 

A sudden change of diet — from a mixed diet to a rigid 
— often appears to be the exciting cause of diabetic coma ; and 
it is said that a sudden change from a rigid diet] to a mixed 
diet has occasionally been immediately followed by coma. The 
opinion is gradually gaining ground, that a rigid nitrogenous 
favours the development of coma, especially in severe cases in 
which the urine gives a dark brown coloration with perchloride 
of iron. Ebstein (2), Hirschfeld (^), Schmitz (*), and Grube (*) have 
especially drawn attention to this point, and the three latter 
observers have advocated an increase of the carbohydrates in the 
diet when coma appears to be threatening. Diabetic coma may 
develop, however, when the patient's diet is not much restricted, 
and even when there is no restriction whatsoever. 

In a large number of cases, prolonged constipation has 
appeared to play some part as an exciting cause, but it 
is not invariably present. On the other hand, an attack of 
severe diarrhoea has occasionally appeared to act as an exciting 
cause. 

Often coma has developed very soon after a patient has been 
admitted into hospital Of course this is sometimes due to the 
fact that he has been brought to the hospital because he was 
becoming rapidly worse ; but in other cases the change of diet 
(sudden restriction) may have had some effect, though in most 
cases at the Manchester Eoyal Infirmary coma has developed 
when the patient's diet has been by no means rigid. Constipa- 
tion produced by confinement to bed may also have aided in 
producing the comatose termination soon after the patient's 
admission into hospital. Exposure to cold, and alcoholic and 
sexual excess, have appeared to act as exciting causes in certain 
cases. 

Diabetic coma appears to be occasionally excited by inter- 
current affections or complications, as, for example, bronchitis, 
pleurisy, croupous or catarrhal pneumonia, gastritis, hepatic colic, 
18 
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strangulated hernia, influenza, tonaillitiB, carbuncles, ami pharyn- 
geal, iaehio- rectal, or alveolar abacesBea. The administration of 
ameatbetics, the perforniauco of surgical operations, even cataract 
operations, have all appeared to occasionally act as exciting 
causes o! coma. 

Hirschfeld has drawn attention to rapid and marked losa of 
weight, which often precedes the onset of coma (see p. 321), and 
he believes that inanition is an important exciting cause. 



Of I 



Analysis of Exciting Causes in Twesty-skven Casks oi 
Diabetic Coma. 

These cases were mostly hospital patients at the Manchester 
Eoyal Infirmary, A few were cases in private practice. The 
following table shows the age and sex of these twenty-seven cases 
of diabetic coma : — 





Ak« in yeon. 


under™ 


AgeinTeui. 


No otC«e> 
omrsa 


14 Femslun . . 


18, 19, 20, aa 

11, 17, 10, 20. 31, 
21, 23, 26, 26, 28 


4 

ID 


31, 34, 35, 35, 43, 

43.45,46.51 
34, Sa, 44, 68 


» 


27o«e.. 


Under tb«>eearao 


14 1 Over the age of 30 


13 



Thus, under the age of 30, coma occurred more frequently 
in females i over 30, in mules. Half the cases of coma occurred 
under the age of 30, though 63 per cent, of the diabetic 
patients at the Manchester Infirmary are over that age. All 
these twenty-seven patients suffered from a severe form of 
diabetes with wasting, which was often very marked. 

It is difficult to obtain reliable evidence as to the exact time 
of the onset of the disease in many diabetic imtients, but the 
table of cases on the next page shows that the most prominent 
symptoms, thirst and diuresis, were often noticed only a short 
time before death occurred from diabetic coma. In two of the 
twenty-seveu cases, coma appeared to have been excited by 
sudden mental shock and anxiety. Too great restriction of diet 
could not be regarded as the exciting cause of coma in any of 
the twenty-seven cases. In one case the iwtient was admitted 
into the hospital in a state of coma, and diabetes had 
been previously recognised. 
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Often coma developed very shortly after admission to the 
hospital. No doubt this was, in part, explained by the fact that 
the rapid advance of the disease had caused the patient to seek 
admission. But in many cases it appeared probable that the 
sudden change in the mode of life had played some part in 
exciting coma. Confinement to bed and constipation produced 
thereby, change in diet and the journey to the hospital, may have 
had an injurious effect. Amongst twenty-one hospital cases 
terminating by coma (cases in which there were no signs of 
coma on admission), in twelve death occurred within one week ; 
in two cases coma developed on the second day after admission 
to the hospital ; in one case on the third day ; in six cases on 
the fourth day ; in one case on the fifth day ; and in one case 
on the sixth day ; in one case within seven days. 

As regards the condition of the bowels, in seventeen of the 
twenty- seven cases coma was preceded by obstinate constipation. 
Sometimes the bowels had been fairly regular until the patient 
was admitted into the hospital. Then for several days after 
admission there had been obstinate constipation, and coma had 
developed. The onset of coma was not invariably preceded by 
constipation, however. In several cases this symptom was absent, 
and in one case there was diarrhoea, but in this case the 
symptoms were those of diabetic collapse (see p. 281). In one 



ayfi 



DIABETIC COMA. 



case the onset of coma followed the appearance of an iscl 
rectal abscess. 

SVMPTOMAT0i/)GY. — ^The symptoms often commeiiee mth 
lassitude, epigastric pain, nausea, and occasional vomiting. In 
other cases shortness of lireath ia one of the earliest symptoms 
Headache is also sometimes an early symptom. The jmtient 
becomes anxious, restless, or excited ; he tosses about in bed, turns 
from side to side, und sometimes the amis are thrown about 
wildly at frequent intervals. Speech becomes thifk and 
incoherent; the patient becomes drowsy, and the drowsiness 
gradually develops into coma. 

The pulse increases in frequency. Often the number of beats 
rises to 120 or 130, at the last to 160 or more, per minute, or 
the pulse, becomes so rapid and feeble that it cannot be counted 
at the wrist The tension is luw, and the beats feeble, but gener- 
ally regidai'. The heart's action is rapid and feeble, but cardiac 
murmurs are not usually be^rd. I-cpine regards rapidity of the 
pulse as an important early indication of commencing coma. 

DyspncEa ia a prominent feature in the majority of cases, and 
it may be the first symptom, but it ia not always present. The 
dyspnoea is inspiratory at first ; later, both inspiration and expira- 
tion are deep and prolonged, and the breathing has a peculiar 
panting or sighing character. "When the respirations are counted, 
it is found very often that tliere is no increase, or only a slight 
increase, in the number per minute. The respiratory difficulties 
are indicated by deep inspiration and expiration rather than by 
increased frequency of respirations. Not infrequently there ia 
a moan or groan with each expimtion, even when the patient is 
deeply comatose. The thorax expands well, and there is no 
obstruction to the entrance of air into the chest. Physical 
e.\amination reveals nothing of importance, as a rule, in the 
heart or lungs to account for the great dyspncpa, and there is no 
distension of the veins of the neck. This peculiar dyspnoia has 
been described by Kussmaul as " air hunger." 

The tongue is dry and red. The bowels are generally con- 
stipated, often markedly so, and frequently the onset of coma 
has been preceded by a long period of constipation. Occasion- 
ally diarrhcea has been present. 

The face becomes pale and cold. In many cases there is 
slight cyanosis. The nose, lips, and ears appear slightly 
cyanotic; they feel very cold to the touch, and the circulatdon 
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in these parts is feeble. The limbs and trunk are often cold 
also, and usually the hands and feet are slightly cyanosed. 

The temperature is generally subnormal ; it may finally sink 
to 95** or 94° R, but occasionally at the last it rises to a great 
height, without any cause being detected clinically or at the 
autopsy for this pyrexia (see p. 284). The expired air feels 
colder than in the case of a healthy person. 

Generally the breath has a peculiar odour. The smell is 
noticed all around the patient, but it is particularly strong in 
the breath. The urine also has the same smell. It is variously 
described — most frequently, perhaps, as a smell resembling chloro- 
form. It has been compared also to the smell of ether, sour 
beer, apples, hay, or acetone. By allowing the patient to breathe 
into water, Dreschfeld has been able to detect acetone in the 
expired air, but no aceto-acetic acid was present. 

This odour is sometimes detected for a considerable period 
before the onset of coma; but if not already developed, it is 
noticed when coma commences. The smell varies in intensity. 
Sometimes it is marked, at other times very slight. Some 
people can detect it very readily. A few physicians state, 
however, that they have never been able to recognise it. 
Nevertheless the odour undoubtedly exists. Junior students 
who see diabetic coma for the first time, and have never before 
heard of the symptom, often notice the peculiar smell. A short 
time ago I sent a junior student to the bedside of a patient who 
was suffering from diabetic coma, and asked him to make a 
diagnosis. The student had never heard nor read of diabetic 
coma. He returned rapidly, and stated that, from the smell 
about the patient, he believed he was still under the influence 
of chloroform, and that probably some operation had just been 
performed, for which chloroform had been given as the anaes- 
thetic, though the patient was not in a surgical ward.. 

The acidity of the urine increases in diabetic coma ; and a 
marked increase in the acidity of any diabetic urine is said to 
point to the onset of coma. The quantity of urine often dimin- 
ishes a little, and the sugar frequently diminishes also. It is said 
that the sugar sometimes disappears, but certainly this is very 
rare. I have never met with such a case. The colour of the 
urine is often not so pale as before the onset of comatose 
symptoms; and in one case I noticed a slight pinkish tinge, 
though there was no indication of blood pigment, or any excess 
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of urates. The urine, in almost every ease, has a pecali) 
cblorotorm or sweet smell, like that of the breiith. This Hraell 
is often detected also in late stages of diabetes. The urine con- 
tains a small amount of albumin. Often in the late stage of 
diabetes, albumin is present ; but if it has not already appeared, 
it does so just before, or just at, the onset of the comattisfi 
symptoms. The urine when jiassed is generally (if not always) 
sli^^htly cloudy, and very minute floating particles can be reco;;- 
niseJ by the naked eye. On standing, there is nearly always 
a small deposit, greyish white or yellowish white in colour, 
which sinks quite to the bottom of the urine glass. 

On examination of the deposit, it is found to consist of 
enormons numbers of casts. The field of the microscope is 
usually crowded with them, aud a few degenerated epithelial 
cells are often present also. Tlie casts are composed of a 
hyaline material with fine granules. In some cases the grannies 
are few, whilst in others the casts appear to be composed of a 
mass of closely- packed granules. Occasionally the granular 
casta contain one or two degenerated epithelial cells. The 
deposit of caste appears shortly before the onset of comatose 
symptoms. 

According to Maguire, albumin, in small nuuntity, is present 
in every case of diabetic coma, and Kiilz states that casts are 
always present also. Since becoming acquainted with their 
observations, I have examined the urine in diabetic coma for 
costs and albumin in every case which has come under nay 
observation (sixteen in number), and I have always found both 
to be present. As regards casts. I have generally found enormous 
numbi-rs present, so that the field of the microscope has been 
crowded with them. 

Kiilz regarded the appearance of easts as n valuable pre- 
monitory sign of the onset of coma. I have fref]uently examined 
the urine of advanced cases of diabetes for casts or deiwsit, but 
generally both have been absent up to the last few days of life. 
Finally, however, a yellowish white deposit has appeared at the 
bottom of the urine glass. Microseopicnl examination has 
shown it to be composed of casts in enormons numbers, and 
coma has followed. Hence T believe that when a small amount 
of dense yellowish white deposit appears exactly at the bottom 
of the urine glass, and when this deposit consists of casts in great 
numbers, coma nearly always follows. To tins general rule I 
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liave found a few exceptions. Thus in two severe cases of 
diabetes with wasting, a deposit of casts appeared in the urine, 
though previously casts had been absent. The patient in each 
case became drowsy ; the urine gave a deep reddish brown 
coloration with perchloride of iron, and contained a small quan- 
tity of albumin. The symptoms were very suggestive of the 
onset of diabetic coma, but in each case the drowsiness passed 
away, the casts disappeared from the urine in the course of a 
day or two, and coma never developed. Death occurred in each 
case some time afterwards from phthisis. Possibly these may 
have been cases of abortive coma. They show, however, that 
when casts appear, the cases do not invariably terminate in 
fatal coma. 

It has been already mentioned that the urine gives a deep 
brownish red coloration with perchloride of iron (so-called 
diacetic acid reaction) in many advanced cases of diabetes. This 
reaction is nearly always obtained during coma, but exceptions 
occasionally occur. 

In coma the urine also gives the reaction for acetone. It 
is often present in advanced cases of diabetes, but Hirschfeld has 
shown that the amount of acetone increases greatly just before 
death from coma. Acetonuria is no doubt increased by the 
withdrawal of carbohydrate food in the severe forms of diabetes, 
but it occurs also when carbohydrates are allowed, and may even 
occur when the patient is taking ordinary diet. 

Stadelmann (^) states that diabetic coma occurs only when 
tlie urine contains ^-oxybutyric acid (see p. 185). He attaches 
almost equal importance to the amount of ammonia in the urine, 
whilst its estimation is far easier. Diabetic patients excreting 
2, 4, 6, or more grms. of ammonia need constant watching, and 
are in danger of coma. 

If ammonia and oxybutyric acid cannot be determined, the 
urine should at least be examined with perchloride of iron. 

Stadelmann points out the danger of a strict diet in the 
severe cases when a great amount of ammonia is excreted, or 
when oxybutyric acid is present, or when the urine gives a 
reaction with perchloride of iron. 

The alkalinity of the blood is said to be much decreased in 
diabetic coma, but I have obtained decided alkaline reactions 
even shortly before death (see p. 186). 

The blood presents no noteworthy change on microscopic 
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or Bpectroscopic examination. I have founrl tbat the blooc! ii» 
coma, as in all cases of diabetes which I have examined, 
decolorises a warm alkuline solution of methyl blue more 
readily than normal blood (see p. 192). It Ims already been 
mentioned that an excess of fat has been found in the blood in 
a few cases (see p. 18S). 

Convulsions as a rule do not occur, nnd in this respect 
diabetic coma differs markedly from unemia. But there are 
few rules in clinical medicine which are absolute, and though 
their occurrence would be evidence against diabetic coma, 
still a few cases have been recorded in which convnisioua 
have been noted (once iu sixteen cases, Dreschfeld), Jacoby, 
Finlayson, and others have recorded cases iu which convulsions 
occurred (see p. 240). 

As already mentioned, the knee-jerks are frequently absent 
in the severe form of diabetes. (In the hospital patients at tlie 
Manchester Koyal Infirmary they are absent in 50 per cent.) 
If the knee-jerks have not already disappeared, they uBually do 
so when coma develops, but in a few cases they remain present 
up to the last. In twenty-one cases of diabetic coma in Man- 
chester, the knee-jerks were absent in eighteen, present in three : 
in one case the knee-jerks were present half an hour before death. 
The condition ot the pupils varies; they react to light, 
though slu^shly. The eyelids are half closed as a rule. The 
fundus oculi appears normal, with the exception of those rare 
cases in which retinitis has been present. 

As the coma increases it becomes more and more difficult 
to rouse the patient, and finnlly he becomes totally unconscious; 
but in some cases the coma does not become complete, and 
though the patient becomes more and more di'owsy, and takes 
no notice of his surroundings, he can be roused to take his 
medicine up to the last. 

Diabetic coma generally ends fatally within forty-eight 
hours; but abortive cases are common, according to Hirschfeld. 
I have met with three cases in which early symptoms of coma 
developed, hut disappeared again. 

The symptoms just recorded are those met with in the most 
comniou variety of diabetic coma, Kussmaul's "air hunger." 
But there are two other varieties in which the symptoms differ 
from those described above; these are (1) the alcoholic form ( 
diabetic coma, and (2) diabetic collapse. 
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(1) Alcoholic form, — In this variety the symptoms resemble 
those of alcoholic intoxication. In a case recorded by Ktilz 
(quoted by Dreschfeld), a large amount of alcohol was found in 
the urine ; the patient was excited ; he sang and swore ; the 
speech became thick, and he staggered like a dnmken man ; 
the pulse was quick; the conjunctiva? congested; coma soon 
developed, and terminated fatally. 

An interesting case of this variety was met with by Dr. 
CuUingworth in Manchester, and is also quoted by Dr. Dreschfeld. 

Dr. CuUingworth was consulted by a servant girl on account 
of great thirst and weakness ; the urine had a specific gravity of 
1035, and contained a considerable amount of sugar. He pre- 
scribed opium and nux vomica, and advised her to go to her home 
in Wales. On her journey home she left the train at one of the 
small stations, and seemed so excited that she was believed to 
be intoxicated. She was refused admission at one hotel, owing 
to her apparently drunken condition. " At last she was taken 
up by a policeman, who took her to a small inn, where she was 
seen by Mr. Eeed, a local medical man, late at night." She was 
found to be in a semiconscious state ; her face was very pale ; 
the pupils were dilated and reacted slowly to light ; her pulse 
was rapid, and the breathing quick. Next morning she was 
quite unconscious, the breathing rapid and noisy, and the ex- 
tremities cold. The urine contained sugar. The coma deepened, 
and death occurred in the evening. 

Frerichs has described similar cases. 

In this form there is not the dyspnoea and feeling of 
anxiety which characterises the first variety. The patient has 
a feeling of intoxication, his gait becomes unsteady, he becomes 
drowsy, and the drowsiness gradually passes into deep coma. 
The breath has the characteristic smell, and the urine becomes 
reddish brown on the addition of perchloride of iron. 

(2) Diahefic collapse. — This condition was first mentioned by 
Prout, and has since been carefully described by Dreschfeld, 
Frerichs Q), and others. The following is Dreschfeld's account, 
in these cases the patient suddenly begins to suSer from drowsi- 
ness and great weakness. The extremities become cold ; the 
hands, feet, and face become livid ; the pulse becomes quick, 
small, and threadlike, soon reaching 120 to 130. The respira- 
tions are only slightly quickened, they are shallow, and there is 
not much dyspnoea. The temperature gradually falls, the skin 
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ID some cases becomes covered with perBpiratbn, the patient 
becomes more drawsy aud fiuallj' comatose, and death occurs from 
collapse in ten to twenty hours. The urine contains sugar, but no 
acetone or aceto-acetic acid, aud the expired air has not the 
ireculiar chloroform-like amell. There is no delirium. 

Dreschfeld points out that diabetic collapse occurs chiefly, 
though not exclusively, in patients over the aye of 40, and that 
it attacks persons who have suffered from diabetes for some time, 
and who are, as a rule, still stout and well nourished. In such 
cases the disease has run a chronic course, and is often associated 
with gout or nephritis. The exciting cause of diabetic collapse 
is some extra physical exertion or some sudden shock, in a few 
cases errors of diet or immoderate drinking. 

Frerichs and Dreschfeld believe that the cause of this 
variety of coma is cardiac fn.ilure, owing to degeneration and 
atrophy of the cardiac muscle. 



ASALY313 OF SYMPT0M3 IN TWENTT^-SIX COXSECUTIVG CASKS 

OF Diabetic Coma. 

The following is an analysis of my notes on the symptoms 
of twenty-six cases of diabetic coma, most of which have come 
under my observation at the Manchester Infirmary ; a few have 
been cases in private practice. 

In most of the twenty-six cases, epigastric pain, nausea, 
and drowsiness were the first symptoms, and were generally 
followed by, or associated with, dyspnea. The first symptom, 
in one case, was pain in the right lumbar and hypochondriac 
regions. 

In most of the twenty-six cases the patients were restless, 
anxious, and somewhat excited at the onset ; in one case the 
excitement was very great, and resembled that of early alcoholic 
intoxication. 

In one case dyspncea was the first and only symptom for 
several days. The patient had been imder hospital treatment 
in Belfast. He had left the hospital, and crossed by steamboat 
to Liverpool, and had taken train to Manchester, where he 
arrived the day after leaving Belfast. His breathing had become 
difficult, somewhat suddenly, before reaching Manchester, and 
he came to the accident room of the Koyal Infirmary on account 
of this symptom. I happened to see the patient in the acci- 
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dent room, and as the breathing was very laboured (both inspira- 
tion and expiration being very deep), and examination of the 
chest revealed no cause for the dyspnoea, commencing diabetic 
coma was diagnosed. There was then no coma or drowsiness 
whatsoever, and dyspnoea was the only symptom of which 
the patient complained. The urine was very acid ; the specific 
gravity was 1036; sugar was present in large quantity, and 
there was a small amount of albumin present also. The urine 
gave a dark brownish red coloration with perchloride of iron. 
The man was admitted as an in-patient under the care of Dr. 
Steell, and the dyspnoea continued for five days, when death 
occurred, the other symptoms of diabetic coma having in the 
meantime developed. The respirations varied during the time the 
patient was in the hospital from 18 to 30 per minute; but the 
breathing was always laboured, inspiration and expiration being 
both very deep. The patient was only comatose during the last 
six hours of life. The interesting point about this case was the 
fact that dyspnoea was the prominent symptom, and persisted for 
five days. For four days the patient was quite conscious and 
intelligent, and actual coma only developed on the fifth day. 

Dyspnoea was a very prominent symptom in nearly all of 
the twenty-six cases; in one, however, it was slight until the 
last few hours of life. The number of respirations per minute 
was often not much increased, frequently being only 18 to 20 ; 
in other cases the respirations were 25 to 35 or more per 
minute ; but whether the number of respirations was normal or 
increased, the breathing was laboured, the inspirations and 
expirations were very deep, and the breathing had the peculiar 
sighing or panting character. When the patient was comatose, 
generally a groaning noise accompanied expiration. Cheyne- 
Stokes' respiration was never met with. 

In nearly all of the twenty-six cases the pulse was very 
rapid — frequently from 120 to 180 per minute. It often 
became so rapid that it was impossible to count it. In several 
cases, however, the rapidity of the pulse diminished shortly 
before death to 90 or 100. In one case, in which I first saw 
the patient about half an hour before death, the pulse was only 
66 ; about an hour previously, I was informed that it had been 
80 per minute. 

The condition of the bowels (obstinate constipation in seven- 
teen cases) has already been referred to on p. 275. 
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In nearly all o£ the cases there was more or less cyauosis ( 
the limbs and face. 

The temperature was usually aubnonnal ; it often sank 
rapidly to 96° F., and remaiued low. In one ciise it sank to 
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95°, but a few lioura later it rose to 99° (just before death). Tv 
two cases the temperatiu-e was practically norttiul, and in six out 
of the twenty-six cases it was above normal. In one of Iheee 
six cases it rose suddenly and reached 1 04°, in another it reached 
103°, in a third tu 101°'6, in two other cases the teiii])crature 



ANALYSIS OF SYMPTOMS, 285 

was only slightly above normal. In one case it fell to 96°, 
but next day rose to 101° F. Post-mortem examination made 
in five of these cases failed to reveal any cause for the pyrexia. 
No autopsy was obtained in the sixth case, but there was no 
evidence of any complication which would account for the high 
temperature (see Charts, Fig. 17). 

The peculiar so-called acetone smell of the breath was a 
prominent feature in nearly all of the cases. 

The quantity of urine and sugar excreted generally diminished 
during coma ; but in none of the twenty-six cases did the sugar 
disappear. 

The urine was tested with perchloride of iron in twenty-four 
cases ; a deep brown-red coloration was obtained in all before 
the onset of coma. During the comatose condition a very 
marked reaction was obtained in twenty. In two cases a deep 
coloration was obtained with perchloride of iron just before the 
onset of coma, but during the comatose condition the reaction 
was mucli less. In two of the cases a deep coloration was 
obtained just before the onset of coma, but the urine was not 
tested with perchloride of iron during the comatose condition. 

In sixteen cases, LegaFs test for acetone was applied to the 
urine during the comatose condition ; in fifteen the reaction was 
obtained ; in one there was no reaction (in this case the per- 
chloride of iron reaction was also slight). 

The urine in nineteen of the cases was examined for albumin 
during the coma ; it was present in all, but the quantity was 
generally only very small. In some of the cases a trace of 
albumin had been present for several days or weeks before the 
onset of coma, and in these cases the amount of albumin in- 
creased during the comatose stage. In other cases albumin had 
been absent until the commencement of coma. 

In sixteen cases the urine was examined for casts — they 
were always present. 

In fifteen cases enormous numbers of finely granular casts 
were present during coma ; in one case only a few were seen. 
In many of the cases the urine had been frequently examined 
for casts, with negative results, just before the onset of coma. In 
all of the fifteen cases there was a small, opaque, white or 
yellowish white deposit exactly at the bottom of the urine glass. 
Microscopically this deposit consisted of enormous numbers of 
casts and a few epithelial cells. In most of the cases the urine 
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was carefully watched for a deposit for days before the onset of 
coma, but it was always absent until just before the syniptonjs 
of coma commenced ; it generally first appeared about twenty- 
four hours before these symptoms were noted. In severe cases 
of diabetes, I believe the appearance of this deposit (if micro- 
scopical examination show it to be composed of casts) is a very 
important sign of the approach of coma (see page 278). 

In one case the j)atient lost 11 lb. in weight in the courjrc 
of the week preceding the coma. 
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Fig. is.— Granular casts in tlie urine in diabetic coma. 



Convulsions did not occur in any of the twenty-six cases. 

The knee-jerks were examined in twenty-one cases during 
coma ; they were absent in eiglitcen, present in three ; in one of 
these three cases, liowever, they became exceedingly feeble about 
two hours before deatli : but in one they were obtained distinctlv 
half an hour before death. 

The degree of coma varied. In some of the eases the patients 
were quite unconscious, and could not be roused for many hours 
before death. In other cases they were drowsy or semiconscious 
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for many hours, but only became totally unconscious for a short 
time before death. In some cases, though the patients passed 
into a semiconscious state, they could be roused to answer 
questions or to take medicine right up to the last hour of life. 
In one case the patient, though she was semiconscious and did 
not recognise her mother, was yet able to take her medicine 
ten minutes before death. 

The duration of definite symptoms of diabetic coma was 
generally twenty-four to forty-eight hours ; but in one case, 
five days elapsed between the onset of marked dyspnoea and 
death. 

Pathology of Diabetic Coma. — The pathological changes met 
with in cases terminating in diabetic coma are not characteristic. 
The most constant are the changes in the epithelium of the 
kidney, described on p. 220, namely, the hyaline degeneration 
of Cantani, fatty degeneration, necrosis of epithelium (Ebstein), 
and the glycogenic degeneration of the epithelium of Henle's 
loop. The changes found in other organs are varied — they are 
generally due to complications— and cannot be regarded as 
important. 

The literature relating to the pathology of diabetic coma is 
very extensive, but it will only be possible to refer to the more 
important views. 

Fat emboli, — In some cases of diabetic coma there is an 
excess of fat in the blood (see p. 188); and Sanders and 
Hamilton (®) have detected fat emboli in the minute arteries 
and capillaries of the lungs, to a less extent in the kidney and 
other organs. They put forward the view that diabetic coma is 
the result of fat embolism. But this view is now rejected by 
almost all authorities. 

As Dreschfeld (®) has pointed out, (1) in the majority of 
cases of diabetic coma, fat emboli are not found ; (2) fat emboli 
have been found in the kidneys and lungs, in the most varied 
diseased conditions, and yet during life no symptoms thereof 
have been observed ; (3) experiments on animals have shown 
that, unless very large quantities of fat be injected, no bad 
results follow, since the fat is gradually eliminated by the 
kidneys. Hence we may certainly conclude that in most cases 
of diabetic coma the symptoms are not due to fat embolism. 

Cardiac failure. — In one variety of coma — the third form 
described as diabetic collapse — the symptoms are in all prob- 
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ability the result of cardiac failure, as Biiggested by Frerich8,1 
Dreeclifeld, aud otbers. 

Schmitz ("*) pointB out that in advanced cases, juat as the 
muscles of the extremities and trunk become greatly enfeebled, 
so also the cardiac muscles become weak and degenerated, and 
death may occur from cardiac failure, with symptoms of collapse. 

But iu the variety of diabetic coma first described (the most 
common form), some other explanation is probable. 

The symptoms in this variety so strongly resemble those of 
some forms of intoxication, that there can be little doubt that 
in most cases the condition is the result of the action of some 
poison or poisons developed in tlie organism of the diabetic 
subject. 

The facts that the blood and urine of diabetic patients 
contain a large quantity of grape sugar, that during coma the 
urine contains acetone, diacetic acid, and ;9-oxybutyrie acid, and 
that the breath and the urine in diabetic coma have a peculiar 
chloroform-tike smell, all seem, to point to a poisoning of the 



Uramln. — In diabetic coma, albumin in small or moderate 
amount is probably always present in the urine; also casts are 
probably always present, even though but a few days previously 
both were absent. Changes are frequently found in the renal 
epithelium, as above described. Nevertheless the symptoms of 
diabetic coma differ very much from those of urremia, and it is 
not probable that there is the same toxic condition in the two 
affections. 

Aeeionmmia. — In many severe cases of diabetes aud in 
diabetic coma the breath of the patient has a peculiar smell like 
chloroform, and has been shown to contain acetone. The urine 
has the same smell, and it also contains acetone (probably 
constantly). Acetone has been obtained from the blood in 
diabetic coma by some observers, but others have failed to 
obtain any evidence thereof. Hence the symptoms of diabetic 
coma have been attributed to the toxic effects of acetone in the 
system. 

But Frerichs and Dreschfeld have shown that acetone can be 
taken in lai^e doses by healthy men, without any symptoms of 
importance being produced. The expired air contained acetone, 
but only traces of this body were found in the urine. The 
late Dr. Linderman of Manchester tried the etiect of 
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cutaneous injection on himself. He found that the injection of 
50 minims produced no bad effect. But acetone was present in 
tlie urine for twelve hours after the last injection. 

Dreschfeld found that large quantities of sugar together 
with acetone could be taken without producing any toxic 
symptoms. When given to diabetic patients also, no definite 
symptoms were produced. 

Subcutaneous injections of 5 to 10 minims of acetone, at 
long intervals, produced no symptoms in rabbits, beyond slight 
drowsiness; but if five or sLx doses of 10 minims each were 
given at short intervals, the rabbits became drowsy and comatose. 

Acetone is found in the urine of diabetic patients, often for 
weeks or months before any comatose symptoms occur ; also 
acetone appears in the urine of healthy persons when carbo- 
hydrates are cut off from the food entirely; and it is found 
in the urine in other diseases in which no symptoms of coma 
occur. 

Aceto-acetic acid — diacetic acid, — Much the same results have 
been obtained in experiments with aceto-acetic acid, which has 
been thought to be the toxic agent in diabetic coma, and which 
is generally regarded as the substance giving the perchloride 
of iron reaction in the urine. Many observers — Dreschfeld, 
Frerichs, and others — have found that aceto-acetic acid can be 
taken in large doses by healthy persons without any toxic 
symptoms being produced ; also the acetone odour of the breath 
has been detected, and the dark brown-red coloration with 
perchloride of iron has been obtained in the urine, in many 
diseased conditions besides diabetic coma (see p. 181). 

The perchloride of iron reaction in the urine is often obtained 
for weeks or months, in severe cases of diabetes, without any 
comatose symptoms occurring. 

Aceto-acetic ether given to healthy persons and to diabetic 
patients in large doses has also produced no results. 

Acid intoxication. — Walter (") has shown that large doses of 
dilute acids (hydrochloric and phosphoric) given to rabbits pro- 
duce dyspncea — the separate respiration being deep and laboured. 
At this stage there is no evidence of cardiac failure, and the 
blood pressure is not diminished. The dyspnoea is therefore not 
due to cardiac changes. Walter believes that these acids give 
rise first to a stimulation and then to a paralysis of the 
respiratory centre, followed by fatal collapse. lie attributes 
19 
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the Bynipr.oms to a JiminisheJ alkalinity of the blood, sinre 
they Bubeide when sodium carbonate is injected into the blood. 

These symptomB, produced in animals by acids, have Bome 
resemblance to those of diabetic coma in man, and Stadel- 
mann ('^) believes that the latter condition is really due to an 
acid intoxication. He attributes diabetic coma to a diminished 
alkalinity of the blood, owing to the presence of an oi^aiiic 
acid, Minkowski ('^) and otliere have supported this view. The 
symptoms have been referred to the presence of crotonic acid or 
to /3-oxy butyric acid in the blood. 

Vaughan Harley (^*) has found that by injecting grape sugar 
into the jugular vein of dogs, symptoms resembhng diabetic coma 
were produced, providing the ureters were ligatured so aa to 
prevent any of the sugar or its products being eliminated by the 
kidneys. The result was: (1) a stage of nervous irritation, 
followed by (2) a comatose stage, varying from a few hours' 
drowsiness, up to Jeep coma, ending in death. Harley believes 
the coma to be, in part, the result of poisoning by substances 
produced by the decomposition of sugar. He thinks, however. 
that coma is principally due to a diminution of the alkalinity 
of the blood, owing to the production of acids by the splitting 
up of the sugar molecule. 

Intestinal auto-intaricnlimi.- — Schmitz regards diabetic coma 
as the result of an auto-intoxication, due to the formation of 
toxic substances, by the putrefactive decomposition of albumins in 
the inteatiue. A great amount of nitrogenous food is taken, and, 
owing to the marked constipation, it remains long in the intestiual 
tract ; decomposition occurs, toxic substances are formed, and, 
being absorbed, they give rise to diabetic coma. Schmitz slates 
that by the use of purgatives (aa castor-oil) he has caused the 
sj-mptoma of diabetic coma to disappear, when the treatment has 
been commenced early. 

It is very probable that constipation predisposeg to coma (as 
pointed out on p. 273); but, on the other hand, constipation 
occurs to a marked degree in many aiTections without giving rise 
to any symptoms of coma; further, the bowels are often con- 
stipated in diabetes for long periods without any sjnnptoms of 
coma developing; and, finally, in some cases of diabetic coma 
(though rarely) diarrhtea is present. Hence it appears more 
probable that constipation is merely an exciting cause of diabetic 
coma, and not the essential factor. 
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Rogue, Devic, and Hugounenq Q^) liave made some interesting 
observations on the toxic condition of the blood in a case of 
diabetic coma. They found that the alkalinity of the blood 
(estimated by sulphuric acid) was about half that of normal 
blood. To 30 c.c. of blood serum from a diabetic patient, a 
dilute solution of sodium bicarbonate was added, until the 
alkalinity of the mixture was the same as that of normal blood 
serum. In this way these observers were able to obtain two 
samples of serum from the same diabetic blood, of similar com- 
position, except that one was twice as alkaline as the other. In 
order to determine whether the toxic action of the blood was the 
result of its low alkalinity, experiments were made on rabbits. 
It was found that 8 c.c. of serum of blood from the diabetic 
patient were sufficient to cause death ; but, on using the diabetic 
serum, the alkalinity of which had been raised to the normal 
standard by adding sodium bicarbonate solution, it was foimd 
that 23 C.C. were required to give a fatal result. Hence these 
observers conclude that the toxic properties of diabetic blood are 
greatly reduced by the addition of alkalies. 

Klemperer Q^) and v. Noorden (^^) are of opinion that in 
diabetic coma some toxic substances are produced in the organism, 
which, acting on the brain, produce coma, and which also cause 
destruction of protoplasm of the organism, and as a result thereof 
oxybutyric acid is produced. Coma on the one hand, and the 
formation of oxybutyric acid and the diminution of the alkalinity 
of the blood on the other, are the result of the action of some 
toxic substance formed in the diabetic organism. 

The presence in the urine of acetone (in quantity), and of the 
substance giving rise to the brownish red coloration with per- 
chloride of iron, are indications of a severe and serious nutritional 
change in the organism of the diabetic patient; and the con- 
tinued excretion of /8-oxybutyric acid in considerable quantity in 
the urine renders the onset of coma very probable. 

In spite of the numerous researches and observations with 
regard to the pathology of diabetic coma, the exact cause still 
remains to be determined. Evidently some toxic substance or 
substances are formed in the system, which by their action pro- 
duce the symptoms that have been described above. 

Whatever the exact poison may be, as a rule, acetone, 
aceto-acetic acid, and /8-oxybutyric acid are found in the urine 
coincident with this intoxication. It has not been proved, 
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however, that the presence of these substances in the hlond cause 
diabetic coma; and in fact it appears more probable that they 
iire produced in the system by the action of some unknown 
poison. 

As alieatiy pointed out, io diabetic coma a small amount of 
filbuniiu and numerous casts are generally present in the urine — 
pi-obably they are always present — and very frequently changes 
are found in the epithelium of the uriniferoua tubules. Hence 
it seems probable that failure of the renal function occurs, that 
some poison ceases to be uUininated, and as a result the 
symptoms of diabetic coma follow. Now, Vaughan Harley has 
shown (see p. 290) that similar symptoms can be produced 
in dogs by injecting grape sugar into the jugular vein, and 
preventing elimination by ligaturing the ureters. The two facte 
appear to me to throw much light on the pathology of diabetic 
CO mil. 

DiAOSOSis. — The diagnosis of diabetic coma is generally easy, 
when the patient has been under observation for some time aud 
is known to be suffering from diabetes. 

Important indieaiiotis of commencing coma are: (1) 
Epigastric pain and nausea; (2) rapidity of the pulse; (3) 
dyspnoea (see case, p. 282); (4) drowsy mental condition, often 
with restlessness; (5) the appearance at the bottom of the urino 
glass of a small, opaque, greyish white deposit, which on micro- 
scopical examination is found to consist of enormous numbers 
of easts. The appearance of this deposit is generally, but not 
quite invariably, followed by coma, terminating fatally. 

These indications are especially important if the patient is 
young and wasted, if the bowels are markedly constipated, and 
if the urine contains a smuU amount of albumin, and gives 
Gephardt's reaction with percbloride of iron and the teats tor 
acetone. 

When the patient is seen for the first time in a comatose 
condition, the diagnosis is, of course, much more difficult. The 
diil'erential diagnosis from other diseases may then generally be 
settled by an examination of the urine, which in the case of 
diabetic coma will have the characters mentioned above — 
namely, it will contain sugar in considerable quantity, albumin 
in small quantity, and almost invariably granular casts in 
enormous numbers ; it will nearly alwoys give a dark brownish 
red coloration with percbloride of iron and the chemical test (or 
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acetone. It is stated that sugar occasionally disappears from 
the urine in diabetic coma ; certainly, if this is ever the case, 
it happens exceedingly rarely. I have never met with such a 
case myself. In a few rare cases the perchloride of iron reaction 
is slight or absent. 

If no urine is passed by the patient, it can generally be 
withdrawn from the bladder by the catheter ; but if the bladder 
should be empty, then the blood examination for the methylene 
reaction described on p. 191, would be found of service in 
diagnosis. 

UrtTmia, opium poisoning, alcoholic intoxication, and coma 
from cerebral lesions of various kinds, are all liable to be mis- 
taken for diabetic coma. 

Urcvmia. — Apart from the history, which of course cannot 
always be obtained from the friends of comatose patients, the 
following points in the symptomatology, during the stage of un- 
consciousness, would be of importance : — 



In Favour of Uremia. 
1 Edema of face, legs, or genitals. 

Anaemia. 

Pulse slow ; when convulsions 
occur, pulse small and frequent. 

Cardiac hypertrophy present in 
many cases. 



Convulsions common. 



Urine : Sugar absent, albumin 
present, often in largo cjuantities. 



In Favour of Diabetic Coma. 
Patient generally much wasted. 

Slight cyanosis of face and limbs. 

Pulse small and rapid. 



Cardiac hypertrophy very rare in 
severe forms of diabetes associ- 
ated with great wasting. 

Convulsions very rare imleed; kneo- 
jerks generally absent ; chloiu- 
form smell of breath. 

Urine: Sugar present in large or 
consi<lerable amount ; albumin 
present, l)ut only in small 
quantities. 

Methylene blue reaction with blood. 

Blood examination, — The methylene blue reaction (see \\ 171) would 
distinguish diabetic coma from other forms of coma. 
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Opium imsonintf. — In fftvour of oi>ium poiBoiiing would be ihe 
smell of opium in the breath, the contracted pupils, and the absence 
of wasting. In favour of diabetic coma, the "acetone" smell 
of the breath, the above mentioned condition of the urine, and 
the methylene blue reaction of the blood. 

Akohotie. inlm-katiOH. — As mentioned on p. 281, in diabetic 
coma sometimes tlie mental excitement is so great at the early 
stage, that cases have been mistaken for alcoholic intoxication. 

In alcoholic jntoxiciition there is the alcoholic smell of the 
breath, though this is nob a sign of much imjrartance, the peculiar 
d)-8pno?a of diabetic coma is absent, and the urine and blood do 
not ]iresent the signs characteristic of diabetic coma. 

In cases of coma from ccrebrul hitmon-hai/e and other cerebral 
affections, it has been stated that occasionally sugar is found in 
the urine; but certainly this is very rare, and when sugar is 
present, only a trace is usually found, and diacetic acid and 
acetone are absent. Any evidence of unilateral paralysis or 
paresis of the limbs, such aa indications of the limbs being more 
flaccid on one side than the other, or any unilateral ali'ection of 
the cranial nerves, would be in favour of a gross cerebral lesion. 
In diabetic coma there are no indications of unilateral jwiralysis 
or paresis, and the urine and blood have the characters already 
described. In the coma of cerebral hiemorrhage, and sometimes 
in other cereiiral lesions, the pulse is slow and full, whereas in 
diabetic coma it is quick and feeble, often almost too rapid to be 
counted. The presence of optic neuritis would exclude diabetes 
and point to tumour, abscess, or meningitis. If the urine cannot 
be obtained, or if its reactions are doubtful, I believe the blood 
test with methylene blue will be of great service in diagnosis. 
Tlie difficulty in diagnosis is well illustrated by the case of 
a iKttient admitted into the Manchester Royal Infirmary a short 
time ago, under the cave of Dr. Steell. A man, a:;t. aljout 28, 
\i-aA been found unconscious in the hold of a ship (on the Ship 
Canal) early on the morning of 9th January 1897. He had 
done his work all right on 8th January, and no history of 
accident or previous illness could be obtained. When first 
examined he was quite coniatose. The limbs were llaccid, but 
tliere were no signs of unilateral paralysis. The pupils were 
equal. The urine was drawn away by a catheter, and found to 
give an abundant reduction of Fehling's solution. This roused 
suspicions of diabetic coma, since the reduction of Fehling's 



DIAGNOSIS AND PROGNOSIS. 295 

solution indicated more than a trace or small quantity of sugar. 
Nevertheless one could definitely reject the diagnosis of diabetic 
coma, since the following symptoms and signs contra-indicated 
that condition. The specific gravity of the urine was low, 1011. 
There was no acetone smell of the urine or breath, and the urine 
gave no brown-red coloration with perchloride of iron. The 
pulse was not increased in frequency (70 per minute), and the 
tension was high. The peculiar dyspnoea of diabetic coma was 
absent, and the breathing was of the Cheyne-Stokes character. 
There was no wasting, and no cyanosis. Though no indications 
of external injury could be detected, still post-mortem examina- 
tion showed that the case was one of fracture of the skull, the 
fracture involving the squamous part of the temporal bone, and 
running into the middle fossa. Between the dura mater and 
the skull was a large clot of blood, compressing the anterior 
part of the left cerebral hemisphere. 

Prognosis. — The prognosis in diabetic coma is exceedingly 
grave ; death usually occurs in from twenty-four to forty-eight 
hours. When once the patient has become unconscious, the 
case may be regarded as hopeless; but sometimes the early 
symptoms, such as dyspnoea, drowsiness, epigastric pain, and 
nausea appear for a day or two, and then subside without the 
patient passing into a comatose state. According to Hirschfeld, 
such abortive symptoms are not rare. 

In an advanced case of diabetes seen in private practice, 
these symptoms — dyspnoea, epigastric pain, nausea, and drowsi- 
ness — became well marked ; the urine gave a deep brownish red 
coloration with perchloride of iron, a trace of albumin was 
present, and there was an abundant deposit of casts. The 
patient was a man yet. 24 ; he was much wasted, and the 
symptoms pointed to the onset of diabetic coma. But large 
doses of alkalies were prescribed, the symptoms of commencing 
coma subsided, and the casts disappeared from the urine. The 
patient lived for six weeks longer without any comatose symptoms 
returning. 

In another patient, at. 29, who had been under my care on 
several occasions for two and a half years, the general symptoms in- 
creased rapidly ; he became very weak and wasted ; the urine pre- 
sented a white deposit, which, microscopically, was found to consist 
of hyaline casts ; drowsiness developed, and the patient appeared 
to be passing into a state of diabetic coma ; but improvement 
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occurred ia the general condition, tlic drowsiness posseJ oil', and 
casts disappeared from the urine. Death occurred a few weeks 
later, without the ayniptoms of diiibetic coma reappearing. In a 
third case (which has cume under my observation at the 
Manchester Koyal Infirmary), marked dyspntea, epigastric pain 
and drowsiness had developed ; but by treatment with very large 
doses of potttssiutn citrate, prescribed by Ilr. Ilcyiiolds, who was 
then the resident medical officer, recovery occurred, and the 
putient lived for twelve months, and finally died of phthisis. 
The case was under the care of Dr. Leech, and has been reported 
by Dr. E. S. Reynolds f'«). 
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CHAPTER XII. 



PATHOLOGICAL ANATOMY. 



Numerous and varied pathological changes have been described 
in diabetes mellitus, yet, strictly speaking, the disease has no 
pathological anatomy. In various cases pathological changes 
have been found in every organ of the body; but they are 
general secondary, or due to complications. On the other hand, 
there is no organ which has not been found frequently normal 
on pathological examination. In the absence of any information 
as to the clinical history, or the examination of the urine or 
blood, a pathologist would be unable to diagnose diabetes 
mellitus by the macroscopical or microscopical changes found on 
post-mortem examination. 

It is somewhat remarkable that the negative or indefinite 
nature of the pathological changes has not given rise to difficulties 
medico-legally. It is quite possible that a few of the numerous 
cases of death from unknown causes, in which post-mortem 
examination has failed to furnish any satisfactory explanation, have 
been due to diabetes mellitus — cases, for example, which are 
occasionally attributed to " serous " apoplexy, or to sunstroke, 
if the weather happens to have been warm. 

Unless a specimen of urine be obtained from the bladder 
post-mortem, and sugar detected, or unless the blood be proved 
to contain an excess of sugar, the pathologist would not be able 
to decide as to the cause of death, providing nothing was known 
about the patient's symptoms during life. Also it is important 
to remember that the sugar in the blood diminishes markedly 
ufter death. 

The pathological changes in the various organs are neither 
constant nor characteristic ; they are chiefly secondary in nature, 
and have already been described in connection with the various com- 
plications, and in the chapter on etiology and etiological relation. 

1. In the medulla, vagus nerves, and other parts of the base 
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of the braiu, ilefinito nmcroacopical or microscopical chang^l 
are occasionally met with, which nre probably the cause of the 
diBease, bub Buch cases are rare, and often tlie brain la uormal 
or only presents unimportant changes. Tlie changes in the 
brain have been described and discussed on pp. 125—40. Those 
found in tlie spinal cord, the sympathetic and peripheral nerves, 
are described on pp. 129, 242, 131, 2G4. 

2. The pancreas in many cases presents changes which 
are probably the cause of the disease, but in many cases this 
gland is normal or only presents shght and unimportant 
abnormalities. The pathological chaiigea in the pancreas and 
their relation to diabetes have been discussed in Chapter VIII. 

3. Tlie liver presents no characteristic changes : its condition 
has been described on pp. llti— 21, 

4. The changes in the other organs are all secondary in 
nature. Those met with in the heart and vessels have been 
described on p. 216: those in the lungs on pp. 207—14; those 
in the alimentary canal on pp. 205, 206. 

It is said that the most constant pathological change in 
diabetes is the glycogenic degeneration of the epithelial cells of 
Henle's loop of the tubules of the kidneys ; but this change is of 
course secondary in nature. The abnormalities met with in the 
kidneys have been described on p. 219. The spleen is frequently 
reported to be uormal, and when changes have been found they 
have been unimportant. The condition of the blood has been 
described in Chapter IX, 

Pathogenesis. 

We have now surveyed the chief facts which are known 
respecting the etiology, etiological relations, symptouis, and 
pathological anatomy of diabetes, and some of the more import- 
ant experimental work in connection with the disease has 
been referred to. The question remains, What is the e.\act cause 
of diabetes mellitus in man f why do certain individuals become 
diabetic ? The true nature of the disease still remains very 
obscure, and it is quite impossible to refer to all of the numerous 
theories that have been advanced. None of these are satisfactory, 
however, and in spite of the very extensive literature respecting 
diabetes, and the great amount of experimental and [lathological 
research in connection with the disease, the riddle still remains 
unsolved, and will probably long remain so. 
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As stated above in Chapter II., in health the urine is either 
free from sugar, or it only contains minute traces, which cannot 
be detected by the usual clinical tests. 

Why does the urine contain a large quantity of sugar in 
diabetes mellitus ? In this disease, do the kidneys simply allow 
the sugar normally present in the blood to pass away into the 
urine? i.e. does the normal glucose simply separate itself from 
the other constituents of the blood, and leak through the urinary 
tubules into the urine ? Or is the large amount of sugar in the 
urine due to an excess of sugar in the blood ? The former 
supposition is certainly not correct, since the blood would then 
contain no sugar, or less sugar than in health, but chemical 
examination shows the reverse ; the blood sugar is usually greatly 
increased in amount. 

Hence we may conclude that sugar appears in the urine, 
because there is an excess of sugar in the blood, and the symp- 
toms of diabetes are also owing to the same cause. This sUite- 
ment is certainly true with reference to the majority of cases of 
diabetes ; and Bernard, Pavy, and most observers believe that 
glycosuria is always the result of an excess of sugar in the 
blood (glyca?mia). But Seegen (^), whilst admitting that the 
above explanation holds good in the majority of cases, believes 
that in a few of the milder forms, glycosuria is not simply 
the result of an excess of sugar in the blood. In some of the 
latter cases he has found that the blood sugar has scarcely 
exceeded the normal limits. Putting aside these rare and dis- 
puted cases, there can be no doubt that in a very large majority, 
if not in all cases of diabetes, the glycosuria is due to the excess 
of sugar in the blood. The cause of this excess is the question 
which requires to be answered. Some authors have attributed 
it to (1) an excessive formation of sugar in the system ; some 
have attributed it to (2) a diminished sugar destruction ; whilst 
others believe (3) that in certain forms there is an excessive 
sugar formation, but in other forms a diminished sugar destruction. 
Now it is quite impossible, in a work devoted chiefly to the 
clinical aspect of diabetes, to mention all the more important 
arguments which have been advanced in support of each of these 
views, and only a few can be briefly referred to. 

With respect to the theory of excessive sugar formation, 
Bunge (-) has pointed out the following objections : the great 
excess of sugar could not be derived from the carbohydrates 
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of the food, since these are nnrmally converted int 
and theii tranBformed into other substances. If the exceBB 
of sugar ill diabetes had its origin iu these carbohydrates, 
it would be owing to a diminished destruction and not to uu 
increased formation. Neither has the excess of sugar its origin 
ill fats, since diabetic jtatienta can digest and assimilate them 
in large quantities. As to the proteiJs, assuming that a dialwtic 
patient could consume 300 yims. in a day, this amount of 
albumin would not form more than about 200 grms. of sugar. 
And even if 200 grms. of sugar reached the blood daily, it would 
not cause diabetes, so long as the decomposition of sugar remained 
normal, A person whose power of sugar destruction was not 
impaired, would be able to decompose daily GOO to 1000 gi'ms. 
of sugar (derived from starchy food), williout glycosuria occurring. 
Hence Bunge thinks that increased sugar formation cannot 
account for the excess of blood sugar. 

As regards excessive formation, in the strict sense of the 
term, Bnuge's objections undoubtedly hold good with reference 
to the origin of sugar from foodstuHs, but do not apply to the 
possible formation of sugar from the albimiina of the tissues. 

On the other hand, Kaufmann(^) brings forward evidence in 
favour of the view thai the excess of sugar in the blood in 
diabetes is always due to an increase in tlie sugar formation, and 
not to a diminished sugar destruction in the capillaries. He 
believes that in the normal condition the destruction of sugar 
in the blood is always compensated by an equivalent sugar 
formation by the liver, and that any moditication of the destruc- 
tion of sugar iu the tissues reacts at once on the liver by the 
nervous paths or by the blood, and impresses on the sugar 
formation an activity in direct relation to the destruction, 

Kaufmauu has isolated the liver by tying all its vessels in a 
healthy dog, and also in another dog which had been rendered 
dinbetic by extirpation of the pancreas. The sugar in the blood 
gradually became diminished during its cii'culation in other 
parts of the body. But an hour after the isolation of the liver, 
the blood had lost the same proportiin of sugar both in the 
healthy and in the diabetic animals. After having determined 
the diminution of sugar, Kaufmann re-established the circulation 
iu the liver by removing the ligatures placed on the vessels. 
He found that the sugar in the blood soon regained its previous 
percentage. Hence he concludes that sugar destruction pro- 
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ceeds with the same activity in dogs rendered diabetic by 
pancreas extirpation, as in the normal condition, and that tho 
excess of sugar in the blood is due to increased sugar formation 
by the liver. Kaufraann believes that increased sugar formation, 
and not diminished destruction in the capillaries, is the cause of 
the excess of sugar in the blood in the diabetes produced by 
pancreas extirpation, by lesions of the medulla, and in all other 
ways. 

Many authors, however, probably the majority, believe that 
diabetes mellitus in man is usually due to diminished sugar 
destruction. 

As already mentioned, in the mild form of diabetes the 
removal of carbohydrates from the diet causes the glycosuria to 
cease. Now, in such cases the sugar appears to be derived in 
some way from the carbohydrates of the food. It may be that 
the sugar produced by the digestion of carbohydrates is absorbed 
into the portal system, and then conveyed into the general 
circulation, without being transformed into glycogen or other 
substances. Or it may be, that the sugar is converted into 
glycogen, but the hepatic glycogen is transformed into sugar 
again in an abnormal manner. 

Seegen (*) believes that the cause of the mild form, which 
he terms the " hepatogenic," is the inability of the liver cells 
to assimilate the carbohydrates in a normal manner. But it 
has been shown by Ehrlich, Kiilz, and v. Mering that glycogen 
may be present in the liver in considerable quantity in diabetes 
mellitus. Also, pathological anatomy has failed to reveal any 
macroscopic changes in the liver associated with diabetes. 
Further, serious diseases giving rise to destruction of liver 
tissue — cancer, acute yellow atrophy, cirrhosis, etc. — are not 
associated with glycosuria. 

According to Pavy (see p. 67), the two lines of defence 
— intestinal villi and the liver — are inadequate to accomplish 
their function of synthesising the carbohydrates. Hence the 
latter reach the general circulation in excessive quantity, and 
appear as sugar in the urine. 

In the severe forms of diabetes, the sugar in the urine is 
evidently not dependent simply on the carbohydrates of the food, 
since the glycosuria persists when the diet consists only of fat 
and nitrogenous substiinces, and even during starvation. 

Pavy thinks that in these severe forms the sugar eliminated 
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is derived not only from the food, but also from the tissue 
believes that tlie proteida of the body have a glucosiile eonstitu- 
tiou, and ibat in diabetes of the severe form a carbohydrate is 
cleaved ort' fi-om these proteids by the action of some ferment 
which he supposes to be present in the system. 

According to Seegen, in the severe forms the cells and 
tissues of the organism have lost their function of destroying 
the sugar in the blood. 

If we accept the views that the cells of the liver are at 
fault in diabetes, and in severe cases also the tissues of the 
organism, the question arises: Why do these tissues behave 
abnormully ? 

I'avy bidieves that, as regai-ds the liver, there is a vasomotor 
paralysis and dilatation of the small arterioles. As a result 
thereof, the blood passes through the capillaries too readQy, and 
the contents of the small veins are not sufficiently de-arterial- 
ised. He has shown that a hyperoxygenated state of the blood 
favours the passage of carbohydrate matter into glucose. The 
vasomotor paralysis Pavy refers to changes in the nervous 
system. 

Seegen points out that Pavy was able to produce diabetes 
experimentally, by injury to the nervous system after ligature of 
the hepatic artery, and he asks how vasomotor paralysis can be 
regarded as the e.xplanation, if this be true. 

According to Kbstein (*), the amount of carbonic acid formed 
in the tissues in diabetes is diminished. He believes that, owing 
to some abnormal state of the protoplasm, there is an altered con- 
dition of the internal respiration, with insufficient formation of 
carbonic acid. Glycogen is present in the tissues in greater 
quantity in diabetes than in health, and it is found in unusual 
positions. Ebstein also believes that in the tissues there is a 
diastatic ferment, and that the action of this ferment on glycogen 
is hindered by carbonic acid. He believes that in diabetes the 
(lioetatic fenuent is present in normal quantity, but, owing to the 
deficient amount of carbonic acid the inhibitory action of the 
latter is less than normal. Hence an excess of sugar is pro- 
duced ; the sugar in the blood ia increased, and glycosuria 
follows. Ebstein's views are in part based on the experi- 
ments of Pettenkofer and Voit. which appeared to show that 
the excretion of carbonic acid was diminished in diabetes ; 
bi:t these results have been disputed by Leo (") and others. 
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According to Leo, the excretion of carbonic acid in diabetes is 
quite normal ; and Ebstein's views have not been accepted by 
most pathologists and physicians. 

As pointed out on in Chapter VIII., section D, there is strong 
evidence that some change in the nervous system is the starting- 
point of the disease in many cases. 

Also, pathological observations and the results of experiments 
on animals render it very probable that in some cases of diabetes 
pancreatic changes are the cause of the disease (see Chapter 
VI II., section E). 

It was pointed out on p. 156 that atheroma might act as 
the starting-point of diabetes, by producing changes in the 
nervous system or in the pancreas, and it is probable that a few 
cases of diabetes originate in this way. 

Diabetes has been attributed by some authors to disease of 
the muscles. Bunge states that " as the bulk of the sugar is 
normally decomposed in the muscles, it seems probable that 
diabetes may fundamentally be due to a disturbance of the 
chemical processes in muscle." In stout diabetics a change 
from a sedentary to an active life has occasionally caused the 
glycosuria to cease, and a few cases of diabetes have been success- 
fully treated by systematic muscular exercise. Bunge points 
out that the chemical processes in muscles are subject to the in- 
rtuence of the nervous system, and that numerous observations 
tend to show that the symptoms in diabetes are sometimes 
caused by disturbances which originate in the central nervous 
system. 

The opinion appears to be gradually gaining ground, that 
diabetes is not a pathological entity, but rather a group of 
symptoms which may be i)roduced by various morbid changes in 
the system. Just as fever is the result of many diseased pro- 
cesses, so it is quite possible, even probable, that diabetes is not 
always due to the same primary pathological condition, and that 
sometimes the starting-point of the disease is in the nervous 
system, sometimes in the pancreas, occasionally in disease of the 
arteries (arterio-sclerosis), possibly in the muscles sometimes, and 
possibly it is due to various other causes and to endogenous 
or inherited morbid conditions. 
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CHAPTER XII]. 

FORMS OF DIABETES — TERMINATION — PROGNOSIS. 

Forms of Diabetes Mellitus and Glycosuria. 

There are two chief forms of the disease, severe and mild, 
besides several other subvarieties. The main features of the 
two more important forms of the disease may be here re- 
peated. 

1. In the severe form, the symptoms — thirst, himger, and 
diuresis — are well marked. The amount of sugar excreted is 
large, and does not cease, though it may be diminished con- 
siderably, when carbohydrates are rigidly excluded from the 
diet. There is often rapid loss of strength and marked wasting 
(hence the French term diabHe maigre). This form of diabetes is 
met with chieHy in young persons or in persons under middle 
life. Often the patients are poor hard-working people, and a 
large proportion of the cases of diabetes seen in hospital prac- 
tice belong to this class. The urine often contains acetone, and 
t^ives a dark reddish brown coloration with perchloride of iron 
(diacetic acid). According to Schmitz, the urine excreted during 
the night may contain a greater amount of sugar than that 
excreted during the day, even though carbohydrates be taken in 
the food (see p. 307). The sugar excreted is therefore not 
simply derived from the carbohydrates of the food. These cases 
frequently run a comparatively rapid course, and are often 
fatal in one to three years, death generally occurring from coma 
or phthisis. 

But occasionally cases are met with which run a very acute 
course. The patients are often children or young people, under 
the age of 30, though acute cases may occur later in life. The 
disease may terminate fatally in a few weeks after the symptoms 
are first noticed. In one patient at the Manchester Eoyal 
Infirmary, who was 18 years of age, the symptoms were first 
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noticed ouly two weeks before death occurred ; iu twu cases the 
symptonia were first noted only four weeks before the fatal 
termination; and in two oiht-r pases denth occurred at the end 
of six weeks and eight weeks re3]mctively after the symptoms 
first attracted attention. Death occurred from diabetic cnaia 
in all of the cases. Of coui-se it is possible that in some of 
these cases the disease may have been present for a short time 
before the symptoms attracted the patient's attention ; but 
others are on record, in which the urine had been examined 
and found free from sugar shortly before the diabetic syniptoniB 
appeared. Thus in Wallach's case, referred to on p. 166, the 
duration of the disease was under two weeks, as shown by the 
urine examinations. 

2. In the mild form of the disease the sugar disappears from 
the urine on withdrawing carbohydrates from the food ; generally 
thirst and diuresis are not so marked as iu the severe forms ; 
and dryness of the skin is often absent or slight. The patients 
are often old or middle-aged persons, and frequently stout. (To 
this form the term diah&le ijras is applied by French writers, 
and the term chronic glycosuria by certain English authors.) 
Not infrequently the patient also suffers from gout; and some- 
times the urine contains a great excess of uric acid, but usually 
acetone and diacetic add are absent. At an advanced stage, 
especially if the patient has been kept on an injudicious diet, 
marked wasting may occur. In this mild form of diabetes the 
night urine contains less sugar than that excreted during the 
day ; in fact, the night urine may Ije quite free from sugar. 
The sugar in the urine appears to be derived from the carbo- 
hydrates of the food. 

The onset of the disease is usually very gradual ; fre- 
quently the patient seeks advice on account of some complica- 
tion, such as carbuncles, gangrene, etc., and on testing the urine 
in a routine examination sugar is detected. 

The mild form of diabetes generally runs a chronic course. 
Sometimes the disease is associated with kidney mischief — 
chronic parenchymatous or interstitial nephritis. 

Some authors regard the mild and severe forms of diabetes 
as two difterent diseiised conditions, but others believe that the 
mild form is simply an early stage of the severe variety. There 
can be no doubt, however, that many of the sevei'C forms of 
diabetes have the characters of the severe variety from the onset. 
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and many of the cases of the mild form do not develop into 
the severe form. On the other hand, cases are sometimes met 
with in which at first the sugar excretion is very small, the 
diuresis slight, and the symptoms are those of the mild variety, 
but at a later date, months or years afterwards, the sugar 
excretion and diuresis increase, and all the symptoms of the 
severe form develop. Several cases of this kind have come 
under my own observation (see p. 166). There are, therefore, 
besides the mild and severe forms, transitional and intermediate 
varieties. 

The following are examples of the dififerences in the 
quantity of sugar excreted in the day urine and in the night 
urine, in the mild and the severe forms of diabetes. 

In a case of diabetes of the mild form in a very stout patient, 
iet. 49 (who came under treatment for eczema of the vulva), 
the specific gravity of the urine was 1029; and the total 
quantity of sugar excreted in twenty-four hours was 270 grs., 
the diet being unrestricted. When the diet was limited to flesh 
meat, fish, milk (2 pints daily), beef -tea, green vegetables, and 
a little bread, the sugar excretion diminished to 78 grs. daily. 
On three occasions the night urine, passed between 1 a.m. and 
X A.M., was collected and kept separate from the rest of the 
urine. It was found quite free from sugar. In other cases of 
the mild form of diabetes I have found sugar absent from the 
night urine, but present in the day urine. 

In severe forms of diabetes I have never found the night 
urine free from sugar. Sometimes I have found that more 
sugar was excreted during the night than during the day ; at 
other times the quantities have been about the same ; some- 
times the sugar excreted during the night has been a little 
less than that excreted during the day. 

Thus in the case of a boy, set. 19, who was suffering from 
a severe form of diabetes, the sugar excreted during the night 
was either more than that excreted during the day, or it was 
only a little less in amount. 

The amount of urine from 8 A.M. to 9 P.M. was 102 oz. 
Total quantity of sugar excreted during the day was 3769 grs. 
The night urine from 9 p.m. to 8 A.M. was 106 oz. Total 
quantity of sugar excreted during the niaht, 4223 grs. 

The patient had breakfast at 8 a.m., dinner at 1, tea at 4.30, 
and a little milk at 7 p.m. No food was taken afterwards. 
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In 90WIS of the mild foniia of diabetes no sugar appears in 
the urine, even when a limited quantity of carbohydrate food is 
taken ; but when the amount of carbohydrates in the food 
passes beyond a certain qua.ntity, glycosuria occura There is 
thus a tolerance of a certain amount of carbohydrate food ; but 
if this limit be exceeded, sugar is found in the urine. In other 
cases the urine only remains free from sugar when alt carbo- 
hydrate food is withdrawn. 

In some of the mildest cases the quantity of urine excreted 
is normal, or almost normal, whilst the specific gravity ia high ; 
thirst aud other diabetic symptoms may be absent. Such cases 
have been described by the term diahtics decijiiens. 

In a c^se of the kind which I have followed for some time, 
the urine has a specific gravity of 1040—42; the amount is 
about 50 oz. ; the sugar varies from 5 to 7 per cent. There 
is no thirst, no loss of flesh, and the patient (a young adult) 
appears and feels in perfect health. 

In another variety of the mildest form, the symptoms may 
disappear from time to time; this is known as intermittent 
diabetes. Cases are sometimes met with in which the sugar 
excretion ceases, and for a time the patient is quite well ; then 
some indiscretion as regards moile of life, etc, causes the glyco- 
suria and other symptoms to return. The sugar may disappear 
on several occasions and return t^in, and finally the disease 
may terminate fatally. 

Thus, for example, a gentleman lE-t. 56 consulted me on 
account of diabetes. He complained chieHy of dryness in the 
mouth; his urine had a specific gravity of 1035, and was loaded 
with sugar. The patient was stout, and for five or six years 
sugar had been found in his urine by his medical attendant; 
but the glycosuria had been intermittent, and sometimes had 
been absent for four to six weeks at a time. 

Si/mptomatic glycosuria, in which the sugar excretion can 
Ije referred to some primary affection of the nervous system, or 
to other disease, has already been mentioned on p. 01. The 
symptoms are often slight, and frequently temporary. 

Diabt-tcs with pigmenlalion of the skin — Diabile irom^ 
(Hanot '), — In lfi82, Hanot and ChaufTard p) described a disease 
characterised by the association of symptoms of diabetes meUituB 
nth hypertrophic cirrhosis of the liver and pigmentati<ui of the 
skin. To this dif^eiiee Hanot gave the name of diahitc hromi. 
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In his second series of cases the liver was of normal size, but 
the other symptoms were present. 

The disease has since been described by Letulle (*), 
Brault and Gaillard Q, Barth, Gonzalez Hernandez (®), Palma, 
Mosse (^), de Massary and Potier (®), and Marie (^). 

The following is Hanot's clinical description of the disease : — 

** The symptoms consist of general signs of diabetes, with 
abundant glycosuria; of melanoderma, most marked upon the 
face, the limbs, and the genital organs ; general symptoms of 
liypertrophic cirrhosis, hypertrophy of the liver and of the spleen, 
with slight ascites and distension of the abdominal cutaneous 
veins. 

" The onset is frequently sudden. Wasting, diarrhoea, oedema 
of the lower limbs, soon appear ; loss of strength rapidly ensues, 
and death supervenes, either during coma, or from septic pneu- 
monia following diabetic gangrene. Although the pathogenesis is 
not yet definitely proved, it appears to me that diaMte bronze is 
a distinct morbid entity. 

"In different cases the liver weighed from 1800 to 3500 
grms. 

" The density of the tissue is considerable, and its reddish 
brown coloration recalls that of rust, or of old untanned leather. 
The surface is smooth, and the biliary ducts are, as a rule, 
unaffected. 

" The intestinal glands are slaty-black in colour. The 
ascites is generally moderate in amount, from 2 to 9 litres. 
The 8])leen is increased in volume, indurated, and presenting a 
reddish brown colour, somewhat resembling that of the liver 
The mesenteric and mediastinal glands have somewhat the same 
rusty colour as the liver. The ochre-coloured pigment, which 
infiltrates most of the organs and the Malpighian layer of the 
skin, is an iron -containing pigment, as is proved by its reaction 
with ammonic-hydric sulphate and potassium ferrocyanide. 
Brault has insisted upon the properties which distinguish the 
yellow pigment from the other ones, the melanin pigment and 
the pigment of Addison's disease, which have no reaction for 
iron. The pigment contained in melanotic sarcomas is soluble 
in potash ; and if one places a fragment of a melanotic sarcoma 
in a tube containing potash, the pigment is entirely dissolved 
out, and the liquid in the tube takes the colour of port wine. 
The ochre-coloured pigment does not, on the other hand, dissolve. 



" In the liver, the pigment, which in Dr. Lapieqiie's experi- 
ence appfiiii's to be a ' salt of iron/ is found between the con- 
nective tissue fibres, iu the fibres themselves, and in the hepatic 
cells. The cells sometinies contain a few gi-anules only, and 
sometimes appear to he loaded with pigment, having lost their 
nuclei, and becomiug transformed into jellowisli masses." 

Hanot and Chaiiffard regarded the pigmentaiy cirrhosis as 
the result of the diabetic condition. They believed that the 
pigment was developed in the liver, and then became diffused in 
the form of minute emboli through the whole organism, 

I.*tulle does not think the pigment found in the various 
organs is formed originally in the liver, but believes it arises 
in various parts from the hiL'moglobin of blood or muscle. 

Gonzalez and Reiner have found that the pigment contains 
iron. Mosse believes that the evidence is iu favour of its origin 
from altered hivmoglobin, and Massary and Potier think that the 
pigment is separated from the blood in the oi-gans themselves. 

According to Marie, diab&te hronzi is neither a pigmentary 
cirrhosis iu diabetes mellitus, nor a eachexie bronzi, but a true 
clinical and pathological entity ; in fact, a new disease. Hanot's 
observations lead him to agree with this view, 

Phosphatic diabetes ("*) ia the uame which has been given to 
a somewhat indefinite group of cases, in which the excretion of 
phosphate of lime is excessive. There is great nervous irrita- 
bility, derangement of digestion, great emaciation, and severe 
aching pain in the back and loins. As the disease advances, 
the amount of urine increases, and symptoms appear which are 
somewhat analogous to those of diabetes, especially the insipid 
form. Heuce the uame phosphate diabetes. The urine is 
usually free from sugar, but Oaler (") states that in some 
instances sugar has been present, and in others it has subse- 
quently appeared. 

Termisatiox. 

(n) Rcc&very. — According to Cantani ('^), by a rigid diet, a 
cure is not infrequently obtained in mild forms. But many 
physicians, who have had a large experience of the disease, state 
that they have never met with any case of true diabetes in 
which permanent recovery has occurred. I have seen a number 
of cases of symptomatic glycosuria, associated with cerebral 
lesions, etc, in which the sugar excretion has ceased, but I have 
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never seen true recovery from a severe form of diabetes. In 
the milder forms, by restricted diet, the sugar may disappear 
from the urine entirely or partially ; but when a less rigid diet 
is taken, the glycosuria returns. Patients suffering from the 
mild form may, by following a restricted diet, live for years 
without a return of the symptoms, or may live for years with- 
out any symptoms beyond the presence of a small amount 
of sugar in the urine. The urine of one of my patients — an old 
man of 72, who suffers from a mild form of diabetes — has 
contained sugar for seventeen years, but the other symptoms 
have been slight. In some of these cases, after the diet has 
been restricted for some time, the system is able to tolerate a 
certain amount of carbohydrates. A small quantity of starchy 
food may then be added without the appearance of sugar in 
the urine. Occasionally the symptoms of diabetes in its mildest 
form (or chronic glycosuria) disappear temporarily, or, very 
rarely, permanently. In mild forms of diabetes in women, 
occurring about the climacteric period, recovery sometimes takes 
place. 

In a case which has recently come under my care, a female, 
let. 20, began to suffer from thirst and diuresis. Six to 
eight pints of water were drunk daily, in addition to the usual 
quantity of fluids at meals. The thirst and diuresis continued 
two or three weeks, and then rapidly diminished. The urine 
was examined, and found to reduce Fehling*s solution. The 
specific gravity was at one time as high as 1042. The diet 
was restricted, and the thirst and diuresis completely dis- 
appeared, and the reducing substance in the urine became less. 
Three months after the symptoms had first commenced, I found 
that the urine contained a very small quantity of sugar when 
the patient was on a restricted diet ; but by allowing bread in 
considerable amount, the sugar reached 3 per cent. The quan- 
tity of urine was not increased, 36, 40, 44, 45 oz. being the 
amounts of urine for four consecutive days. The specific gravity 
varied from 1018 to 1032. That the reducing substance was 
sugar was shown by the fermentation test, and the reaction with 
phenyl-hydrazin. There was no thirst at the time, and the 
patient felt quite well. One week later every trace of sugar 
disappeared from the urine, and all diabetic symptoms were 
absent, but one month afterwards the glycosuria returned. 

A case has come under my observation in which the patient, 
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II woman a't. 52, hail siilfertid from very great thirst and vw 
great diuresis for six months during pregnancy, The urine was 
at that time e.\amint:d by ber medical attendant, and diabetes 
diagacieed. After the birth of the baby, tlie thirst and diuresis 
disappeared at once, and did not return for fifteen yc-ars. She 
then began to sull'er from slight thirst about once & week; this 
increased, and three years later she presented the symptoms of 
a severe form of diabetes, which terminated fatally. For nine 
years she had had much mental anxiety, worry, and overwork, 
owing to her husband having become a helpless paralytic. 

in another case which has come under my observation, a 
female let. tiO had siitTered from great thirst, and had passed a 
large quantity of urine. She had lost flesh, and had suffered 
from pain in the limbs. After these symptoms had been present 
for nine months, the urine had been examined by a medical 
man, and diabetes diagnosed. The sugar gradually diminished, 
and all the diabetic symptoms disappeared, except pain in the 
legs. Twelve months after the onset of thirst, the urine had a 
specific gravity of 1014. Albumin was absent. A small quan- 
tity of sugar was present, as indicated by Fehling's solution, by 
ibe phenyl- hydrazin test, and by Seegen's test, after filtration 
through animal charcoal. Tiie amount of urine varied from 39 
to 43 oz. One weifk later the urine was free from the slightest 
trace of sugar, and remained so during the three weeks tlie 
patient remained under observation. 

When diabetes i% associated with phthisis or other serious 
complications, shortly before death the glycosuria and other 
diabetic symptoms have occasionally disappeared, and only those 
of phthisis or the complications have remained. 

{h) Termination in other diseases. — 1. Albumin may appear 
in the urine, and occasionally symptoms of chronic parenchymatouB 
or interstitial nephritis develop. In these cases sometimes 
the kidney symptoms gradually advance, whilst the glycosuria 
dimbishes; and, finally, the sugar excretion ceases, and only the 
symptoms of nephritis remain. 

2. Occasionally the symptoms of diabetes mellitus give place 
to those of diabetes insipidus, and the sugar then disappears 
from the urine. A few of such cases are on record in which, 
finally, the polyniia has disappeared, and complete recovery 
occurred. The relation of the two diaeases has recently b 
carefully discussed by Senator (") (see p. 115). 
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{c) Fatal termination. — Diabetes may terminate fatally in 
the following ways : — 

1. By diabetic coma. This is the most frequent termination. 

2. By tubercular phthisis. This is a termination met with 
chiefly in young patients sufifering from the severe form of the 
disease. As already stated, if phthisis becomes advanced, death 
does not generally occur from coma (though there are exceptions 
to the rule). 

0. By otlier lung complications, such as pneumonia, pul- 
monary gangrene, non-tubercular phthisis, etc.; but these ter- 
minations are rare. 

4. By exhaustion and marasmus. 

5. By nephritis. 

6. By cerebral hremorrhage or softening. 

7. By carbuncle or gangrene. 

The following is the mode of termination in the Ifist forty-two 
fatal cases of diabetes which have come under my observation : — 

Cases. 

Diabetic coma 29 

Asthenia from phthisis and lung disease (nix tubercular, 

one non-tubercular) ...... 7 



Cardiac failure ...... 

Asthenia from cirrhosis of the liver 

Pyaemic condition (multiple abscesses of the liver) 

Acute pneumonia ...... 

Gangrene ....... 



2 
1 
1 
1 
1 



42 
DUKATION. 

In some severe cases the duration of the disease may be 
very short — two, four, or six weeks; but these cases are rare, 
and a duration of six months to three years or longer is much 
more frequent ; whilst in the mildest forms the disease may run 
a very chronic course of five, ten, fifteen, or even twenty years. 
In one case, an old man of 72, the disease had been detected 
over seventeen years before he came under my treatment. 

PUOGNOSIS. 

Before giving a prognosis, it is important to place the 
patient on a restricted diet (taking the precautions mentioned 
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on p. 322), in orJer to decide to which form of the disease the 
case helongB. The proguoeie depends chiefly on the form of the 
disease, and on the age of tlie patient. 

The following are un/avouralU prognostic indications: — 

1. A severe form of the disease, when the most rigid exclu- 
sion of carbohydrates from the diet fails to remove sugar fatau 
the urine. 

2. Early age. The younger the patient the more unfavour- 
able the prognosis as a general rule, the jirognosis being especi- 
ally bud in children, and patients under 30. (In twenty-eight 
cases of diabetes in children, collected by Wegeli.tJie dunitioD of 
the disease was very short, often some months only. The 
longest duration was four and a half years.) 

3. Marked wasting, great loss of weight and loss of slrengUli 
especially when the disease is of short duration. 

4. The occurrence of pulmonary tuberculosis as a com- 
plication. 

5. Severe general symptoms and marked digestive disturb- 
ance. 

6. The occurrence of gangrene. 

7. A history of other members ot the family having suffered 
from a severe form of diabetes. 

8. Unfavourable conditions of life. Amongst poor people 
often the disease is not recognised until a late stage ; also the 
treatment cannot be carried out so carefully. Mental anxiety 
and worry often hasten the fatal termination. 

9. The presence of a well-marked brownish red coloration 
of the urine with perchloride of iron. 

] 0. The sudden occurrence of a greyish white urinary deposit 
consisting of casts. 

11. A high degree of ocetonuria or a marked increase in the 
amount thereof (9, 10, and 11 indicate the approach of diabetic 
coma). 

12. The appearance of other symptoms indicating the onset 
of coma. 

10. The occurrence of symptoms of nephritis, especially if 
the glycosuria gradually disappears and is replaced by albu- 
minuria. 

It is to be remembered that in severe coses diminution in 
tlie amount of sugar in the urine is not always a favourable 
sign. Sometimes, as the glycosuria diminiBhes, the wasting 
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increases, the patient loses weight rapidly, and the general 
condition becomes worse ; and this is especially liable to occur 
when phthisis is a complication. In such cases, sugar may dis- 
appear finally, and death occurs from the asthenia of phthisis. 

Favourable indications. — 1. A mild form of the disease; the 
sugar being removed from the urine by the withdrawal of carbo- 
hydrates from the diet. 

2. Advanced age. The older the patient the better the 
prognosis as a rule. 

3. The association of diabetes with obesity, gout, or the uric 
acid diathesis. 

4. A long duration of the disease without the occurrence of 
complications, of much wasting, or of loss of weight. 

5. A history of a mild form of diabetes in other members of 
the family. 

6. Favourable conditions of life ; absence of mental worry 
and anxiety ; good social position and greater likelihood of early 
recognition and careful treatment of the disease. 

7. The onset of the disease about the climacteric period in 
females. 

8. The transition of diabetes mellitus into diabetes insipidus. 

Diagnosis. 

Usually the diagnosis of diabetes is very easy, but (1) the 
disease may be overlooked and the patient treated simply for 
one of the complications; or (2) various reducing bodies in 
the urine may be mistaken for sugar; or (3) a temporary glycosuria 
may be mistaken for a true diabetes. 

When the patient complains of thirst and diuresis, when 
the urine is found to be pale and straw-coloured, of high specific 
gravity 1024 to 1040 or more, and when a well-marked reaction 
is obtained with Fehling s solution, there can be no doubt about 
the diagnosis. But difficulty arises chiefly, if the patient should 
complain only of wasting or weakness, or of some of the com- 
plications, and should make no mention of thirst or diuresis. 
The emaciation often rouses suspicions of phthisis, and if the 
urine be not examined, diabetes is perhaps never thought of. 
It is important, of course, to examine the urine in all cases, as 
a matter of routine, before making an exact diagnosis ; but this 
is especially necessary in all cases of wasting. The urine ought 
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also ti] lie oxiiiiiined for sugar in all cases of prui'itiis or eczema 
of the genitals, hoila, carbuucles, gangrene, cataract. 

It is important to remember, as pointed out on p. ID, 
that Fehling'a solntion is i-educed by other bodies besides glacoee 
— by ylycuronic acid, lactose, alkapton, etc. Especially when 
the quantity nf oxide of copper thrown down is small, or when 
other diabetic symptoms are abseut, there is often considerable 
difficulty in diagnosis. It is then necessary to decide dednitelv 
whether the reducing substance is or is not grape sugar. (ITie 
detection of small quantities of grape sugar with certainty had 
been considered in the chapter on "tfrine Testing," p. 35.) 

Having determined that the nrine does contain grape sugar, 
it is necessary to ascertain the quantity roughly if not exactly. 
Then the question anaes. Does the patient enU'er from diabetes ' 
It is important to remember that the presence of grape sugar in 
a specimen of urine does not necessarily, ^r se, indicate dial 
mellitus. The patient may be suffering from — 

1. Temporary glycosuria: 

(a) physiological — alimentary glycosuria (rare), or 

(b) pathological, and secondary to some other disease. 
In these oases (a and b) the sugar is generally small in quantity; 

it Boon disappears, and the urine is not increased, or only slightly 
increased, in amount. 

2, The glycosuria may be jKrinancnt, and the patient may be 
suffering from 

(rt) the mCd form of diabetes or chronic glycosuria, in which 
sugar 18 removed by a restricted diet ; or 

{b) the severe form of the disease, in which the glycosuria IB 
not removed by a restricted diet. 

It is important, therefore, to watch the case for a little 
time, tu see if the glycosuria is persistent, and to determine 
the quantity of urine and the amount of sugar. The duration 
and the amount of the sugar are the points of greatest import- 
ance in the diagnosis, and are not simply of theoretical interest 
Thus, for example, it is important not to pronounce the patient 
to be suffering from drabetea simply because the urine contains 
sugar. It is necessary to decide to which of the above groups 
the case belongs. Great harm may be done to a patient who 
suffers from a temporary glycosuria (physiological or patho> 
logical) by a mistaken diagnosis of diabetes. The mental shock 
might be great, especially if any relative of the patient had 
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died of diabetes. Thus a case has been recorded, in which the 
mental shock produced by the discovery of a small amount of 
sugar in the urine gave rise to Graves' disease, which termin- 
ated fatally (Grube). The case should be therefore carefully 
investigated, so that, if possible, the patient may be reassured, 
at the same time that he is informed of the presence of sugar, 
that he is suffering from a temporary or mild glycosuria and 
not a true diabetes. Then, again, if it be found that the patient 
suffers from true diabetes, the variety should be determined, so 
that, in case it is very mild, a favourable prognosis may be 
given. When the form is severe, the medical man ought to use 
the greatest discretion in informing the patient so as to cause 
as little mental shock as possible, and the patient ought also 
to be cheered by pointing out any favourable features of his case, 
if such exist. 

In the severe form of the disease, an abrupt and hasty 
statement of an unfavourable prognosis might do much to hasten 
the fatal termination. 

Then it is also important, for another reason, that the medical 
man should decide to which of the above classes the case of 
glycosuria belongs. His reputation may suffer considerably from 
the hasty diagnosis of diabetes, when the case is really one 
of mild or temporary glycosuria, from which the patient may 
recover in a short time. Even w^hen all the above precautions 
are taken, there are still cases in which it is occasionally difficult 
to say whether the patient is suffering from temporary glycosuria 
or from the earliest stiige of diabetes. Occasionally, only a 
guarded diagnosis can be given, and the case watched. 

There are various mild forms of the disease of long duration, 
in which the quantity of urine is normal or only slightly in- 
creased, that are better described as chronic glycosuria than 
true diabetes. 

Having decided that the wise is one of diabetes or chronic 
glycosuria, it is important to try and determine if it is secondary 
to any other disease, as, for example, lesions of the brain, or 
pancreas, atheroma, gout, obesity, etc., but at present this is 
possible in a few cases only. 

Occasionally, though very rarely, locomotor ataxia is com- 
plicated with glycosuria or diabetes. The knee-jerks are 
frequently lost in diabetes ; often there are pains in the legs, 
tenderness of the calf muscles, and other slight symptoms of 
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peripheral aeuritis. Hence a difficulty occitsionnlly, though very 
rarely, arises in diagnosing between an early stage of locomotor 
ataxia with secondary glycosuria, and diabetes with loss of knee- 
jerks and early symptoms of a secondary peripheral neuritia, 
particularly if the latter be of the ataxic form. Again, a 
patient may come under treatment for a perforating ulcer of 
the foot; on examination, the knee-jerks may be absent, and 
pains in the legs may he troublesome. Such cases are also 
liable to be mistaken for locomotor ataxia, especially if the 
diabetic symptoms be slight. 

A careful examination of the urine, and a consideration of 
the symptoms and general history of the case, are usually suHicient 
to enable a decision to be arrived at easily. Also the Ai^ll 
Robertson pnpil, the sharp shooting nature of the pains, and a 
girdle sensivtion would be in favour of locomotor ataxia. Grube (*') 
thinks, however, that even the failure of the pupillary reaction is 
not alwaya diagnostic, but believes that the presence of bladder 
symptoms is important. Sudden and involuntary discharge of 
urine or other slight bladder symptoms are frequently present in 
locomotor ataxia, but do not occur in diabetes with peripheral 
neuritia. 
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CHAPTER XIV. 



THE TREATMENT OF DIABETES. 

Until more light haa been thrown upon the exact pathogenesis 
of diiibetea mellituB, the treatment of many oises will remain 
unsatisfactory. In the milder cases much can be done, and often 
excellent results are obtained; but in the more severe forms the 
indications for treatment are less clear, and the results unsatia- 
factory. In the latter cases treatment can only be empiricoJ, 
but it need not necessarily be unscientific. 



Tkophylaxis of Diaretes. 
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It has been shown that in healthy individuals the sugar- 
destroyiHg power of the organism is not unlimited. According 
to V. Noorden, when more than 180 to 250 grms. of grape sugar 
are taken, even in health, temporary glycosuria is produced. The 
figures indicate the average quantities only, and in difi'erent 
healthy individuals the limit varies somewhat, v, Noorden (') 
found that in four out of fifteen obese persons temporary glyco- 
suria was produced by the administration of only 100 grms, of 
pure grape sugar. Of these four persons, two became diabetic 
some years later, and in the other two the lapse of time has 
been too short to exclude the possibility of diabetes developing, 
V. Noordeu suggests that a large quantity of grape sugar should 
be given, by way ot experiment, in tlie case of persons who 
have a family history of diabetes, or who are obese or gouty, 
in order to ascertain liow much sugar they can assimilate. If 
a temporary glycosuria be produced by an amount of sugar which 
is much below the average above stated, then these individuals 
may be regarded as suspicious persons witii regard to the possi- 
biHty of the development of diabetes, and they ought to observe 
great caution with respect to amount of carbohydrates (especially 
sugar) in theii- diet. v. Noorden would limit the amount of beer 
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also in these cases. In this way it is possible that the develop- 
ment of the disease may be prevented in some obese and gouty 
persons, and in persons who have a family history of diabetes. 

Management of a Case of Diabetes. 

After a diagnosis of diabetes has been made, it is important 
to note carefully a number of ixjints before commencing the 
treatment. The gcfieral coiidltian of the patient should be care- 
fully observed — whether he is well nourished or badly nourished. 
The patient's weight should be ascertained, and whilst he is 
under treatment he should be weighed once a week. It is 
importimt to keep a sharp outlook on these two points. Even 
though the sugar excretion and other symptoms should be 
diminished by any form of treatment, this must be regarded as 
unsatisfactory if the patient at the same time loses weight, and if 
the general condition deteriorates. Hence a weekly or monthly 
record of the patient's weight is perhaps more important in 
severe cases of diabetes than the daily record of the amount of 
sugar excreted. 

Inquiries ought to be made with respect to the condition of 
tlie hoivels. This is especially necessary in the case of patients 
just admitted to the wards of a hospital, since the confinement 
to bed and the altered condition of life are alone sufficient in 
many cases to produce obstinate constipation ; and if the bowels 
have been previously constipated for a long period, the onset of 
diabetic coma will be thereby favoured. Hence, means should 
be taken to relieve severe constipation, if this symptom be 
present. 

A routine examination of the patient should be made, and 
complications should be noted. The lungs should be carefully 
examined, especially in wasted patients, for signs of phthisis, 
since this is one of the two most serious complications which 
may arise. Diabetics, especially hospital patients, are very 
liable to develop tubercular disease ; hence precautions should 
be taken, particularly if wasting be present, to avoid the risks of 
tubercular infection, and to prevent the development of this 
complication. 

It is important to ascertain whether the urine gives the 

dark brownish red coloration with perchloride of iron (Gerhardt's 

reaction), since this reaction points to a severe form of the 
21 
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lUsease, and is an indication that a rigid diet should nut be 
prescribed. 

In hospital patients the amount of sugar in the urine should 
be estimated daily, and this is done most readily by the fermenta- 
tion test. A chart should be kept, showing in a tabniar fomi 
the daily quantity of iluid taken, the amount of uriue, the 
specific gravity of iion-ferment<Hl and of fermented urine, Uie 
total daily excretion of sugar, the weight of the patient, and 
the treatment. In private practice, the amount of sugar can 
only be estimated periodically, as a rule. It is also of ndx'an- 
tage to estimate from time to time the amoimt of urea excreted, 
in order to obtain an indication of the nitrogenous \vaste. 

After admission to the liospital, the patient should be kept 
on a diet which is not much restricted for a few days before 
any observations are commenced with respect to the etfeci 
ijf any special diet or treatment. Very frequently there is 
a considerable diminution of the sugar excretion during the 
first three or four days after admission to the hospital, apart 
from any special form of treatment or restriction of diet. Hence 
it is well to wait until this equilibrium has been attained, before 
commencing any observations as to the effect of treatment. To 
this general rule there are exceptions, however. The patient's 
condition may make it necessary to restrict the diet at once, 
in certain eases, when the treatment has been greatly neglected 
before admission to the hospital, or when complications have 
arisen which demand prompt anti-diabetic diet Then, again, if 
the patient has been on a very rigid diet at home, if an ordinary 
diet be allowed suddenly, the rapid change might lead to sei 
symptoms in advanced cases of diabetes. Diabetic coma 
been known to follow such a sudden change in diet. 

The figures respecting the sugar excretion for the first 
or three days ought not to be taken into consideration in draw 
ing any conclusions as to the effects of drugs. 

The diet should, then, be restricted, but it is important to 
make the change gradually. Caution is esjieeially necessaiy 
when the urine gives a dee]) red coloration with perchloride of 
iron, and in these cases it is also important that the diet should 
not be rigid for a long period. 

Potatoes should be excluded from the diet first, then bread, 
and gradually all carbohydrates sliould be cut off. In the 
place of bread, the aleuronat and cocoa-nut cakes mentioned 
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on p. 357 may be given. It is then noted whether the sugar 
has disappeared from the urine; if so, the patient is suffering 
from a mild form of the disease. If sugar be still present, the 
case belongs to the severe form of diabetes. 

If glycosuria disappears when the patient is on a rigid diet, 
then in course of time a little bread should be allowed, and the 
amount gradually increased. It should be carefully observed 
how much carbohydrate can be allowed before sugar reappears 
in the urine. This amount is an indication of the quantity 
of carbohydrates the patient can tolerate. 

If exclusion of carbohydrates does not cause the glycosuria 
to disappear, a very rigid diet must not be maintained, especially 
if the urine give the dark brownish red coloration with per- 
chloride of iron. 

The effects of various drugs or other forms of treatment may 
be tried with or without restriction of diet. 

The urine ought to be examined frequently for albumin and 
casts, in advanced cases of the severe form of the disease, as the 
appearance of the latter is often, but not always, a forerunner of 
diabetic coma. 

General Principles of Treatment. 

There is no routine treatment for diabetes. Each case must 
be separately considered, and the treatment varied according to 
the form of the disease. 

The chief objects to be aimed at in the treatment are — 

1. To diminish the amount of sugar in the urine and 
blood ; to diminish the amount of urine, and to relieve thirst. 

2. To increase the weight, or at least to maintain it (except 
in those mild cases in which the disease is accompanied by 
obesity), and to improve the general condition. 

3. To treat the various complications. 

In mild cases of diabetes, the first object may be attained 
by removal of the carbohydrates from the diet. 

Leo (■-) has pointed out that in the majority of severe cases of 
diabetes there is a great increase of the nitrogenous metabolism, 
and, as a result, a great loss of strength. The aim of treatment 
in these cases ought to be to diminish not only the excretion of 
sugar, but also the nitrogenous metabolism. 

Careful observations have shown that sometimes improve- 
ment occurs, and the patient gains in weight, in severe cases of 
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diabetes, when a little carbohydrate food is allowed, even though 
the amount of sugar may be increased in the urine. If the 
patient be losing weight, and the general condition be deteriorat- 
ing, then a diminution of sugar is of no avail. 

In the slight cases, and in cases of medium severity, the 
diminution or disappearance of sugar is a moat favourable eign : 
but in the advanced and severe cases, accompanied by great- 
wasting, I have not infreriuently found that a diminution of 
sugar has been associated with an unfavourable course of the 
disease, and has been accompanied by loss of flesh and deteriora- 
tion of the general condition. The sugar has become less and 
less, and has occasionally disappeared shortly before the fatal isaue. 

It ought to be our aim to make thin diabetics stout, as in 
patients who are well nourished the prognosis is alwaya mucli 
better. 

Those who are engaged in general practice amongst people 
in good circumstances are apt to look upon the treatment 
of diabetes as often fairly satisfactory ; whilst those who see 
much of the disease iu the hospitals of our large towns, or of 
diabetes amongst the poor, will have been struck by the want of 
success in treatment. 

Much depends on the form of the disease. The results of 
treatment in the mild form are very good, whilst in the 
severe form they are often very unsatisfactory. In the foimer. 
by treatment, the sugar may be removed from the urine, and 
the symptoms disappear, so long as the patient follows the 
treatment prescribed ; or, if the sugar does not entirely dis- 
appear, it is diminished greatly, general improvement occurs, and 
very frequently treatment enables the patient to live with a fair 
amount of comfort and security. Life may be sometimes pro- 
longed for ten or twenty years, or up to the natural limit. 

The earlier the treatment is commenced the better; it is 
often very unsuccessful amongst the poor, because no attention 
is paid to the disease until a late stage. Moreover, there are 
very acute cases which sink rapidly, in spite of all treatment. 
All these points ought to be borne in mind, in considering 
the effects of treatment iu any particular instance. 

UlETETlC: TitEATMENT. 

It is well known that in certain parts of the world i 
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lives in perfect health on a diet from which carbohydrates 
are almost absent. A mixed diet is no doubt most suited 
for sustaining human life under the conditions of modem 
civilisation, but a review of the dietetic customs in different 
l^arts of the world (such as that given by Dr. Pavy in his 
"Treatise on Food and Dietetics," London, 1874, p. 427), 
shows that many races live almost entirely on food derived 
from the animal kingdom. Thus in the Arctic regions the 
Esquimaux live chiefly on animal food — on flesh and large 
quantities of fat. The Pampas Indians, who pass the greater 
part of their lives on horseback, are said to live entirely on 
animal food — *' the flesh of their mares " — and to have neither 
bread, fruit, nor vegetables. The Guachos, the inhabitants of 
the Pampas in the Argentine Eepublic, who also spend the 
greater part of their time on horseback, are said " to live 
entirely on roast beef, with a little salt, scarcely ever tasting 
farinaceous or other vegetable food," and their sole beverage 
is stated to be mate taken without sugar. 

Ever since Eollo published his book on diabetes in 1797, 
and pointed out the value of restriction of the carbohydrates 
in the food, it has been acknowledged that of all forms and 
methods of treatment this dietetic one is the most important. 

In undertaking the dietetic treatment of any case of 
diabetes, it is necessary to give direction (1) as to the nature 
of the food, (2) as to the quantity. But there is no hard-and- 
fast rule on these points, and each case must be treated accord- 
ing to tlie form of the disease to which it belongs. 

What has already been pointed out with respect to the 
varieties of the disease may be repeated, since different dietetic 
treatment is required in each case. Diabetic cases may be 
divided into two chief forms, mild and severe; of each of 
these forms Minkowski (•'^) recognises two varieties. 

1. The mild foi^m occurs chiefly in persons past middle 
life — especially in obese or gouty persons. The removal of 
carbohydrates from the diet is followed by the disappearance of 
(jlycosuria. Food increases the sugar excretion, which is there- 
fore less during the night than during the day. 

Vttrieties — (a) Slight cases in which limitation of the 
carbohydrates (without complete withdrawal) is sufficient to 
remove the glycosuria. 

{b) More severe cases, in which complete withdrawal of 



carbohydrates from the diet is neceseary before the glyo 
disappears. 

2, The severe form ia met with more frequently in perscHU 
under the age of 45, and often amongst the poor and 
hanl-working people, and amongst hospital patients in large 
towns. The vriihdrawal of carbohydrates from the food does not 
cause the giycoauria to disappear. Wasting is a mavked eymptoni, 
and the urine often gives a dark reddish ■ brown coloration 
with perehloride of ii-on. A& pointed out by Sehmitz, the 
urine passed during the day may contain less sugar than that 
passed during the night. 

Varieties — (c) In the milder cases of the severe form, sugar 
is still excreted in the uriue when the diet is free Eroni 
carbohydrates, but contains a very large quantity of albumin; 
if, however, the albumin in the food he restricted, the carbo- 
hydrates being withdrawn, the glycosuria sometimes disappears. 

(d) In the most severe form, neither withdrawal of carbo- 
hydrates from the diet, nor restriction of the amount of albumin, 
sufiices to remove the sugar from the nrine. Heuce, in these 
cases, sugar must be formed from the albumins of the 
organism. 

Many cases, even when first seeu, belong to the severe form 
of the disease ; sometimes, however, cases which at first present 
the characteristic features of the mild form, at a later date pass 
into the severe form. By good dietetic treatment, occasionally 
a severe case may be transformed into a mild case ; frequently, 
however, the case remains mild or severe from first to last. 

The following are the indications for dietetic treatment in 
the various forms of the disease (*) : — 

1. In the itiild forma it ia generally acknowledged that by 
a restricted diet, i.e. by the withdrawal of carbohydrates from 
the food, the greatest benefit ia derived. 

In the mildest variety of the mild form (form a, in which 
limitation in the amount of carbohydrates in the food is 
sufficient to remove sugar from the urine), the carbohydrates 
should be withdrawn from the diet for a few weeks. Then 
a little bread may be allowed, and if no sugar is excreted Ju 
the urine a little more carbohydrate food may be given after 
two weeks. It is often found that in time the patient will 
be able to take a fair amount of carbohydrates without 
glycosuria occurring, but even in these mild cases it is best 
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to avoid excess of carbohydrates. Sugar and articles containing 
sugar ought to be permanently excluded from the diet ; and 
potatoes, bread, and beer ought to be limited. 

In the more severe cases of the mild form (group li), 
carbohydrates should be excluded from the diet for six or 
eight weeks. Sometimes it is then found that a little carbo- 
Iiydrate food can be tolerated, 2>. that the case has been 
converted into one of the variety (a). But in very many cases 
tlie urine can only be kept free from sugar by a diet from 
which carbohydrates have been completely withdrawn. Such 
a rigid diet cannot as a rule be continued for a very long 
period, and hence, after a time, a small amount of carbohydrates 
must be allowed, and we must be content if by a fairly restricted 
diet we can limit the sugar excretion to 500 or 600 grs. 
daily. 

Whilst some authors hold that the diet ought to be as 
rigid as possible, others believe that even in the mild form 
patients do better on a moderately restricted but not absolutely 
rigid diet. A rigid or fairly restricted diet may be allowed 
in mild forms of the disease in stout persons, so long as the 
patient feels well on such a diet, and so long as definite wasting, 
albuminuria, acetonuria, and diacetonuria (as indicated by the 
ferric perchloride reaction) are absent. 

In the mild form of the disease (as in all forms), fatty 
food is of great value as a substitute for bread, when the patient 
is placed temporarily on a rigid diet for diagnostic purposes, 
or when a rigid diet is prescribed as a means of treatment. 
Cakes of aleuronat and cocoa-nut (see p. 357) will be found 
very useful. 

In the mild forms of diabetes, if the patient be stout, a 
reduction of the total quantity of food, and especially a 
reduction of the amount of nitrogenous food, is often of great 
service ; but if the patient be wasted, no reduction of the 
amount of food should be attempted. 

Life can be prolonged in many mild cases of diabetes 
to an advanced age, by careful dieting. Cantani states that 
he has cured many patients (in Italy) by absolute flesh and 
fatty diet; but in England and Germany a cure of diabetes 
in the true sense is certainly very rare, for if the glycosuria 
disappears when the patient is on a rigid diet, it returns when 
ciirbohydrates are taken (see p. 308). Occasionally glycosuria 
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which has persisted for some time disappears, but frequently 
it returns at a later date. 

2. In the ^vere furms of the disease the opinion hu 
gradually been gaining groiind for some years, that a very 
strict diet (i.e. complete withdrawal of the carhohyd rates) is 
injurious. In fact, it might almost be said that the milder 
the form of the disease, the more rigid the diet indicated, 
as regards withdrawal of carhohydrates ; and the more severe 
the form, the more injurious a rigid diet will be. 

As already mentioned, Leo (-) has pointed out that in the 
majority of severe cases of diabetes there is a great increase 
of the nitrogenous metabolism, and, as a result, great loss of 
strength. Marked wasting is a prominent symptom, and the 
aim of treatment ought to be to diminish not only the excretion 
iif sugar, but also the nitrogenous waste. 

Fatty food ia said to diminisli the nitrogenous metaboliBui 
(though this has been recently disputed by Dunlop), and Leo 
has shown that carbohydrateB have a similar action (i.e. albumin- 
sparing intlueuee). Leo has sliown that the nitrogenous 
excretion in the urine and fieces was less in two coses of 
diabetes when the patients were taking a diet rich in albumin. 
together u'ith a certain amouut of carbohydrate food, than when 
they were taking the same diet 'without the carbohydrates. 
Careful observations have shown that in severe cases of diabetes 
improvement may oecui-, and the patient gain weight, when a 
moderate quantity of carbohydrates is allowed, even though 
the amount of sugar in the urine may be increased. 

Hence, in these cases, not only should the sugar excretioa 
be estimated daily, but also the general condition of the patient, 
aud the weight, and the urea excretion should be carefully 
watched, A diet rich in albumin and deficient in carbohydrates 
ia prescribed frequently to reduce obesity. A similar diet would 
therefore appear little suited for a weak, emaciated, diabetic 
patient. Then again, it is important to remember that in 
many of tbese severe eases phthisis develops, and death may 
occur from this complication. Hence it is necessary to prescribe 
a diet na which the patient can maintain his weight, even if the 
sugar excretion be somewhat increased thereby. On this account, 
also, a rigid diet is unsuitable for these severe cases. 

When the urine of a diabetic patient gives the dark 
brownish red coloration (Gerhardt's reaction) with percbloride 
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of iron, the withdrawal of all carbohydrates from the diet is 
especially dangerous. This has been pointed out long ago by 
P^bstein (*) and many other writers. 

When this reaction is obtained, there is even great danger 
in suddenly placing the patient on a rigid diet temporarily, 
for the purpose of ascertaining whether he is suffering from 
a mild or a severe form of the disease. Such a sudden change 
might lead to diabetic coma. Hence, if it is desired to ascertain 
the effect of a rigid diet on the amount of sugar excreted, the 
restriction should be effected very gradually , and only continued 
ii very short time. 

Hirschfeid (^) and others have shown (as previously men- 
tioned) that acetonuria can be produced in healthy persons 
by a diet consisting of albumin and fat only ; but the addition 
of carbohydrates to the food causes it to disappear. If carbo- 
hydrates are no longer burnt up in the system (as occurs in 
diabetes), acetone is often found in the urine, in spite of the 
c<arbohydrates in the food ; and when acetone is present in large 
<iuantities, diacetic acid is also found. But, in the severe forms, 
when the diet has been rigid for a long period, if the carbo- 
hydrates of the food are increased, or if glycerin is added, the 
acetone and diacetic acid in the urine diminish. 

When the urine gives a marked reaction with perchloride 
of iron, there appears to be good evidence that the rigid ex- 
clusion of carbohydrates from the food has often a tendency to 
J)ring on diabetic coma (Ebstein,* Hirschfeid,^ Grube,® Schmitz^). 
Considerable evidence has been furnished that these cases often 
improve, and the threatening diabetic coma is arrested, by 
adding starchy food, potatoes, and bread in small quantities to 
the diet. Schmitz has also drawn attention to the value of a 
moderate amount of starch-containing foods in the most severe 
form of diabetes ; he regards their complete withdrawal as 
injurious. The quantity he would allow is never great, however, 
and he regards saccharine carbohydrates as always decidedly 
injurious. 

Ebstein has pointed out that the appearance of acetone 
and diacetic acid in the urine is an indication for diminishivg 
the albumin, as well as for increasing the carbohydrates in the 
diet. 

Minkowski states that a rigid diet increases the formation 
of organic acids in the system, and thus predisposes to coma. 
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Schniitz^") lias difiwii ftttention to the danger of a, very Jarye 
amount of animal food in diabetes, since it passes into the 
intestine undigested; putrefaction occurs; toxic substances are 
formed and absorbed into the blood ; and be believes that the 
absorption of these toxic substances leads to the development of 
the coma. But Seegen (*) and others oppose this view. 

All author's agree as to the great value of fat in the seveie 
forms of diabetes; and, in addition to fatty food, cod-liver oil. 
lipanin, and other fats may be given. 

Ill the severe forms of diabetes uo attempt should be made 
to restrict the total amount of food. 

In certain cases of diabetes, for diagnostic purposes, the 
eFTect of temporary and gradual withdrawal of carbohydrates from 
the food, together with the reduction uf the amount of nitrogenous 
food, may be tried. If a diet restricted in both these respects 
causes the siigtir to disappear, then the cases belong to the 
variety (r), p. .T26. But even in these cases a diet so restricted 
is not advisable for any lengtli of time. Any signs of increasiug 
weakness or loss of weight would be an indication to increase 
both carbohydrates and nitrogenous food at once. 

Brietiy, then, in diabetes of the severe ioTia, fatty food should 
be given in large quantities, and a little alcohol taken to aid the 
digestion thereof; nitrogenous food should only be given in 
moderate quantities. Of tbe carbohydrates, saccharine food 
should be excluded ; a certain quantity of starchy food, however, 
is of advantage in the form of Iread, but of course a greai 
quatitity ought not to be allotoed. Cream is of great service, and 
milk in moderate quantities may be allowed. 



Articles of Diet. 



1. ANIMAL A.VU NITBOGENODS FOOD. 



I 



Most articles of food from the animal kingdom may be 
freely by diabetic patients. Butchers' meat and flesh meat oE 
various kinds, poultry, game, and fish, may be taken in any form. 
But in tbe cooking thereof Hour or bread crumbs should not be 
used, if a very strict diet is indicated ; aleuronat may be used 
in place of Hour, however (see p. ?55), and butter and fats may 
be freely employed. 

The following articles may also be allowed freely :— Tongue, 
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ham, bacon, potted beef, and chicken, preserved meats of various 
kinds, sardines, tinned and preserved fish, beef-extracts, beef-tea, 
meat juices, broth, soups, and jellies (when prepared without the 
addition of any saccharine or starchy materials). 

Eggs in various forms are most useful articles of diet. An 
i}g% weighing about 600 grs. contains about 90 grs. of albumin 
and 75 grs. of fatty material. When hard boiled they can 
be taken with comparatively large quantities of butter. The 
'* buttered " egg or omelette is a useful form. 

Custard made of eggs and milk, and sweetened with 
saccharine or saxin, may be taken by diabetics; it is a useful 
substitute for rice and farinaceous puddings. 

A kind of light fluid custard (commonly called " Samson " in 
some parts of the north of England) is very suitable for diabetic 
persons : — 

Take one egg, beat up well ; make a mixture of cream and water, and 
boil ; gradually add the boiled cream and water (whilst hot) to the egg, 
stirring the mixture with a spoon. Then place the mixture in a pan 
over the fire, and continue to stir with a spoon until it becomes thick ; 
then pour into a glass. It is important that the mixture should not 
be heated too much (/.^. should not be boiled) as the albumin would 
be coagulated thereby. Flavour with cinnamon, and sweeten with sac- 
charine or saxin if desired. 

Eggs are also useful in the preparation of bread, pancakes, 
and various articles of diet for diabetic patients, as will be 
pointed out in another section. 

Liver, which contains a considerable amount of sugar, and 
of substances capable of conversion into sugar in the alimentary 
canal, ought to be avoided, but other organs, such as brain, 
kidney, pancreas, thymus, lung, are harmless. 

Oysters, cockles, mussels, and other moUusca are to be 
avoided, on account of the great amount of glycogen contained 
in their large livers. The interior of crabs and lobsters are also 
unsuitable articles of diet. Honey, of course, ought never to 
be taken. Butter, cheese, and cream may be allowed in large 
quantities. 

With respect to milk, considerable caution is necessary. 
This article of diet, so useful in health and in disease, contains 
4-4*82 per cent, of sugar in the form of lactose, which for the 
diabetic, of course, is an objectionable constituent. But milk 



I 



332 THE TREATMENT OF DIABETES. 

also contaius large quantities of tatty and albuminous materials'. 
which are moat desirable. 

According to Blytb ("), the following is tho composition ct 
cow's milk; — 

Milk fat Z"o per oant. 

jCaaein 3-9H „ 

\Albumiu O'T" „ 

Milk sugar . . . . . 4'00 „ 

Water 86-87 „ 

Experiments made by varions observers liave shown that, in 
some cases of diabetes, when milk 13 added to the diet io con- 
siderable quantity, the amount of sugar in the urine is not 
increased. The lactose of the milk is therefore utilised in 
the system. In other cases, however, the glycosuria has beeu 
increased by this addition of milk to the diet ; but in these 
cases the patient has nevertheless sometunes gained weight and 
improved in general condition. 

In the milder forms of diabetes, if the addition of milk to 
the diet does not increase the glycosuria, it may be allowed; 
but when the glycosuria is 'increased thereby, milk is better 
avoided. When large quantities of milk have been employed in 
the treatment, as in the so-called "milk cure," often bad results 
have followed. If, however, the digestion is feeble, and other 
foods are digested with ditticnlCy, milk may be generally allowed, 
In the must severe forms of diabetes, when a very rigid diet 
is not indicated, milk may also be allowed in moderate quautities; 
indeed, some physicians reeommeud large quantities (3i pints) 
daily in these cases. 

Skimmed milk contains less albumin and fat, and a greater 
percentage of carbohydrates, than ordinary milk. It has been 
recommended, however, by Dr. Donkin. In his method of 
treating diabetes he prescribes six to eight pints of skimmed 
milk daily; but moat physicians who have tried this method 
of treatment record bad results. 

If a simple and easy method could be found for removing 
the lactose, milk would then be a most valuable article of diet 
for all diabetic patients, 011 account of the great peroentage 
of albumin and fat which it contains. 

AVrigtit ('") has suggested a method for making an artificial 
milk for diabetic patients. A quantity of milk is diluted with 
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three or four volumes of water, to which 1 to 2 parts per 
1000 of acetic acid liave been added (ois8-"nii of acid acet. 
fort, of the B.P. to a pint of water). This produces a precipi- 
tation of all the casein and fat of the milk. The precipitate 
is allowed to settle for a few minutes, and then strained through 
a piece of calico. It is washed and redissolved in a 1 per cent, 
e-olution of the following mixture : — 



Sodium chloride 


1 1 '5 part^. 


Dimaguesium phosphate 4*0 


T*otassiuni chloride 


9-9 „ 


Magnesium citrate 


. 4-4 


^lonopotassiuiii phos- 




Dicalcium phosphate 


. 8-0 


phate 


13-8 „ 


Tricalcium phosphate . 


9-6 


DijX)tassiuiu phosphate 


10-0 „ 


Calcium citrate . 


. 25-5 


Citrate of potassium . 


5-9 „ 


Calcium oxide 


. 5-5 






Sodium carbonate 


. 40-0 



>> 



)» 



>> 



>> 



5? 



A trace of saccharine may be used to sweeten the milk. 
The salt solution is best used at about blood temperature, and 
the casein and fat precipitate is to be mixed up with it, as in 
making cocoa, to the desired thickness. By this method a fairly 
palatable and entirely sugarless milk is obtained. 

Eiuger (^^) has also described a method of preparing milk for 
diabetic patients : — Add to a pint and a half of milk about 90 
c.c. of a 10 per cent, solution of acetic acid. This precipitates 
a curd caseinogen. It should be allowed to settle, and the clear 
fluid siphoned off and distilled water added. After standing for 
a time, the water should be decantered or siphoned ofiF, and the 
curd should be filtered and well washed with distilled water. 
It is then rubbed up in a mortar with some calcium carbonate, 
and water added ; all the caseinogen becomes dissolved, the 
Ciilcium carbonate soon settles, and the milky fluid can be 
decanted. The dissolved caseinogen forms a substitute for milk. 

(Martindale and Lee advise tiiat the milk be diluted with 
an equal quantity of water, and that the filtration and washing 
of the caseinogen should be performed on a calico filter instead 
of filter paper.) On the addition of 2 per cent of glycerin 
to the mixture of caseinogen, a not unpalatiible form of milk- 
is produced. Another plan proposed by Einger is the 
following : — 

" Milk is heated in a hot-water bath, then poured into 
tubular parchment dialysing paper, and the whole placed in a 
vessel filled with tap water ; the water being kept running by 
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means ot !L tube connected with a tap, the tube ending in a pieot' 
uf glaaa tubing, long enough to reach the bottom of the vessel, so 
that it is supplied from the bottom." In three days the milk 
sugar is reduced to one-sixth of the original quantity. 

Both these methods can be carried out easily in the labora- 
tory, but for the average private jmtient, and especially for tlie 
poorer classes of patients, they appear to be a little too com- 
plicated. I have fonuil that a very palatable drink, closely 
resembling milk, can, however, be prepared fi-om cream in the 
simplest manner poasible. Now cream contains milk Bugnr 
(3-54 per cent., Kdnig; 28 per cent., Letheby); and thongh it 
is allowed to diabetics, still, if taken in very lai^e quantities, this 
percentage of sugar would theoretically he objectionable, especially 
when a strict diet is indicated. But cream contains aleo 25'T2 
per cent, of fat (KiJnig), which is of the greatest value to 
the diabetic patient, and by the following exceedingly simple 
method a palatable drink can he easily made. To about a pint 
of water, placed iu a large drinking-pot or tall vessel, tbree or 
four table spoonful 9 of fresh cream are added and well mixed. 
The mixture is allowed to stand for twelve to twenty-four 
hours, when most of the fatty matter ot the ci'eam floata to tlie 
top ; it can be skimmed oil' with a teaspoon easily, and ou 
examination it will be found practically free from sugar. This 
fatty matter thus sejiarated is placed in a glass and mLxed with 
water. Then the irldte, of an egg is added, and the mixture well 
stirred. The water and white of the e^ are added iu BufBcient 
quantities to make a mixture which has the exact colour and 
consistence of ordinary milk. If a little Bait and a trace of 
saccharine be added, a palntable drink, practically free from 
milk sugar, is produced, which has almost the same taste as 
milk, and which contains a large amount of fatty material. 
With very little practice the right proportions can be easily 
guessed, and of course much larger quantities can be employed 
than those mentioned above. A drink may thus be prej^red, 
which contains a lai^e amount of fat, and wliich can be taken 
ad libitum, by diabetic jiatienta, even if tlie most rigid diet be 
deemed necessary. Devonshire cream, which has the consistence 
of a soft paste, contains only 1-72 jier cent, of milk sugar, and 
hence may be used with advantage, in the place of ordinary 
cream, in preparing milk as above described. 

Creain contains much less lactose than milk, but seven times 
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the amount of fat. Owing to this large percentage of fat in a 
form easily digested, cream is a most valuable article of diet for 
diabetic patients. It may be taken in considerable quantities with 
coffee or tea, or in other ways. With a little care, three-fourths 
of a pint of cream can be taken daily by a diabetic patient, and 
in the severe forms of the disease it is most useful. The follow- 
ing table shows the composition of cream and milk : — 



1 


Milk. 




Crkam. 




Konig. 
87-40 




Bljth. 


Konig. 
66-40 


Pavj'. 


\Vak*r 


86-87 


66-0 


Albumin .... 


3-40 


4-75 


3-70 


2-7 


Fat 


3-66 




3-50 


25-72 


26-7 


1 Milk sugar .... 


4-82 


4-00 


3-54 


2-8 



Devonshire cream is a white, soft paste, and " is produced by 
keeping the milk in large pans at a gentle heat for many hours. 
The temperature is always far under the boiling point. Tliis 
application of a moderate heat during a lengthened time causes 
the fat to coalesce and rise more rapidly than the ordinary 
method." 

I31yth (^2) gives the following composition of Devonshire 
cream :- 



Milk fat . . . . 


Per cent 
. 65-011 


Casein 


. 3-530 


Albumin . . . . 


. 0-521 


Peptones . . . . 


. 0-050 


Milk sugar . 


. 1-723 


Water 


. 28-675 


Ash .... 


. 0-490 



Owing to the small percentage of lactose, Devonshire cream 
is particularly suitable for diabetic patients. 

Butter-milk contains less sugar than ordinary milk, part of 
the lactose having been decomposed. It still contains 3 '3 8 per 
cent, of lactose, however, along with lactic acid. It is therefore 
a little more suitable than ordinary milk, but the taste is objec- 
tionable to many i)atients. 

Koumiss. — Lactose does not ferment under the influence of 
the ordinary yeast fungus, but certain of the schizomycetes have 



33<^ 



THE TREATMENT OF DIABETES. 



the power of decomposing it, alcohol and lactic acid being 
formed. The Tartar drink, koumiss, is fermented mare's milk ; 
it can also be manufactured from cow's milk. Koumiss contains 
less lactose than ordinary milk, and is in this respect moi'e 
suited for the diabetic patient. The Aylesbury Dairy Co. have 
kindly supplied me with samples of their diabetic koumiss, and 
a rough examination shows clearly that it contains very much 
less lactose than ordinary milk. The following is the analysis 
furnished by the Aylesbury Co. : — 



Koi'Misa. 



Water 
Alcohol . 
Fat 

Casein . 
Albumin. 
Albumose 
Lactic acid 
Sugar 
Ash 



2-7S 

•r.o 



2-42 
•61 



One Day oUL 


Eight Daj-s old. 


Twenty-tw< 
Daj-s old. 


92 24 


92^38 


92-55 


•28 


1 35 


•.>7 


•51 


•52 


•51 


1 2-19 

i 


213 

1 


205 


•30 


, -25 


•18 


•36 


•48 


•65 


•75 


•86 


1-22 



1-64 
•63 



111 their " diabetic koumiss with glycerin," 10 per cent, of 
glycerin is added. 

The great objection to koumiss is the taste, which many 
patients find disagreeable. 

Koumiss lias been recommended on theoretical grounds by 
several ^vriters, but I am not aware that it has been much used 
in the treatment of diabetes in this country ; it appears worthy 
of trial, however. 

Stange (^•*) gives the table on p. 337, showing the composition 
of koumiss after fermentation for varying periods. 

Kcpliir, a Caucasian beverage, is really milk, in which the 
lactose has been [)artly converted into alcohol, carbonic acid, and 
lactic acid, by the action of a ferment; the fatty elements are 
almost unaltered, and the Uuid is said to contain only about 
1*5 per cent, of lactose. 
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Mare'H 
Milk. 



Koiimif»<, after i Koumiss, after I Koumiss, after 
SixHourh' Ei<jChtcenIIour8' Thirty Hours' 



Carbouic ac 
Alcohol 
Lactic acid 
Milk sugar 
Albumin 
Fat . 
Salt^ . 



r.i 

23 
19 



5 



lentatioii. 


Fermenta 


3-8 


6-0 


18-5 


19-5 


3-9 


5-6 


18-8 


16-3 


22-5 


22-6 


18-9 


20-0 


4-5 


4-0 



7-0 

30-0 

6-4 

20-0 

19-0 

4 



Koumiss, after 

Four Days' 
Fermentation. 



11-0 

30-0 

6-4 

• • • 

16-0 

19-0 

4-0 



The Caiic^isian ferment has been found to consist of a mix- 
ture of yeast {Saccharomyccs cerevisice) and a short bacillus, which 
has been named Dispora Gaticasica. From this Caucasian ferment 
Dr. Lehmann has prepared a more reliable kephir ferment. By 
its action on milk, it is stated that home made kephir of an 
agreeable taste can be easily prepared. 

(The ferment cnn be obtained in small quantities, with 
directions for use, from Dr. M. Lehmann, Berlin, C. Heiligegeist- 
strasse, 43-44.) 

2. FATTY FOOD. 

Fats, both animal and vegetable, are the most valuable articles 
of diet for diabetic patients, especially for those who suffer from 
the severe forms of the disease, and may be allowed in large 
quantities. 

Tlie more important articles of diet, containing a large 
quantity of fat, are butter, cream, bacon, cheese, eggs, suet. 

Butter contains 82 to 87 per cent, of fat; ordinary cream, 
25 to 26 per cent. ; and Devonshire cream, 65 per cent. Cheese 
contains from 10 to 30 per cent, of fat, and is also rich in 
albumin. 

Analysis of butter, — Konig (quoted by Blyth) gives the 
following as the mean of eighty -nine analyses : — 

Mean. 
Fat 83-11 



Curd . 
Ash 
Water 
Milk sugar 



•86 

M9 

U-14 

•70 



22 
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A nahjsis of several Varieties of Cheese {Blyth ^'*). 



Cheddar cheese . 
Cheshire cheese . 
Cream cheese 
Dutch cheese 



Water. 

28-1 


Ash. 


Fat. 


3-34 


22-5 


44'-6 


4-61 


30-7 


63-1 


1-4 


6*5 


39-6 


6-4 


11-5 



Nitrogen. 

7-3 
4-6 
2-76 

4-8 



The yolks of eggs contain a large amount of fat. An egg 
of ordinary size (600 grs.) contains 75 grs. of fat and 90 of 
albumin. 

Cod-liver oil is of considerable service, especially in the 
severe forms of diabetes, and deserves to be more frequently 
used when there is much wasting or loss of strength. Schmitz 
speaks strongly in its favour. It is well to begin with a small 
dose, 1 drachm daily, and to increase it up to \ oz. once or 
twice a-day after food. Lipanin may be employed, if the patient 
objects very much to the taste of cod-liver oil 

Vegetable oils, salad oil, and olive oil may also be taken 
freely with the food. Olive oil is largely used in the preparation 
of food in Italy, but is not suited to the taste of the inhabitants 
of Northern Europe. 

Peach kernel oil (free from prussic acid) may be used in place 
of cod-liver oil. Mr. Kirkby (of Messrs. Jewsbury & Brown, 
Mauchester) has prepared for me a very palatable emulsion of 
peach kernel oil (50 per cent, by volume) with the yolk of ecrcr, 
saccharine elixir, spirits of chloroform, and essences of almond and 
cinnamon. 

Petroleum emulsion and pancreatic emulsion are also w^orthy 
of a trial in cases accompanied by severe wasting. 

Of all the fatty articles of food, butter and cream, in spite 
of the small amount of milk sugar which both contain, are the 
most suitable forms in wliich large quantities of fat can be 
taken. 

Ebstein records the case of a young diabetic lady, who took 
225 grms. of butter daily, along with other fats and nitro- 
genous food. The patient had become greatly wasted, but on 
this diet the wasting disappeared, and she gained in weight ; the 
sugar excretion was less, acetone and aceto-acetic acid dis- 
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appeared from the urine, and the general condition was 
good. 

Suet may be largely used in the preparation of puddings and 
various articles of diet. 

Fatty food is generally digested well by diabetics, and often 
large quantities can be taken (half-a-pound or more) without 
digestive disturbances occurring. Sometimes excess of fatty food 
causes dyspepsia, but if a little alcohol (in the form of brandy or 
non -saccharine wine) be taken after a diet rich in fat, digestion 
is greatly aided; and in this way the diabetic is enabled to take 
large quantities of fatty food. The patient may be allowed to 
take an unlimited amount of fat, so long as digestive troubles 
are not produced thereby. 

In the few cases, however, in which there is steatorrhoea 
(probably owing to severe disease of the pancreas), large quantities 
of fat cannot be digested. 

If diarrhoea should be produced by a diet rich in fat, opium, 
bismuth, and calcium carbonate will be found useful in the 
treatment thereof. 

3. VEGETABLE FOOD — CARBOHYDRATES. 

As already mentioned, the withdrawal or limitation of the 
carbohydrates in the diet is the most important method of treat- 
ment, and this is especially the case in the milder forms. The 
caution necessary in the severe forms has been pointed out on 
j). 328. Articles containing a large quantity of sugar must 
always be avoided, and starchy food must be withdrawn, or 
restricted, according to the nature of the case. The carbo- 
hydrates are not equally injurious, however. 

Starch is less injurious than sugar ; according to Schmitz i}^) 
sugar is ten times more injurious than starch ; and the with- 
drawal of sugar is much better borne than the withdrawal of 
stiirch, especially in the severe forms of the disease. 

Inulin is an amylose which replaces starch in the roots of 
many species of the compositie. It occurs in dahlia tubers, in 
the Jerusalem artichoke, and in several other roots ; and it has 
been often recommended as a carbohydrate for diabetic patients. 
Kiilz found that when inulin was taken by diabetic patients the 
.sugar excretion was not increased, and the inulin was there- 
fore utilised in the system. He gives directions for the pre- 
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pariition of bisciiil from inulin (see p. SCO). Hole "White 
concludes, from hia recent observalions, that in modentfit 
amount, ui the form of dahliti tuhers, it does no harm to diabetio 
patients, 

Liclunin, a carbohydrate contained in Iceland moss, has beeii'i 
recommended aa a suitable carbohydrate in diabetes. In Ice* 
land, bread is made from this moss, after the bitter principle has 
been removed. 

Of the sugar group of carbohyd rates, glucose is the most 
injurious, mi/A: sugar and caTte sugar rank next. Ltevulose is least 
injurious. 

In many cases milk sugar causes an increase in the suga< 
excretion, but not to the fame extent as does grape sugar. It 
has been pointed out by Kiilz, Voit, Minkowski, and otheis, 
tliut IcBBulosc and levorotatory airbohydrates may be utilised in 
the system. Much, however, depends on the nature of the c 
and the quantity of la-vulose taken. 

Minkowski found that in the diabetes following pancreas 
extirpation, the levorotatory carbohydrates were still burnt up in 
the organism ; but he points out that after the use of Isevulose 
iu large quantities an increased excretion of dextrose may occur. 
In human diabetes a small dose of Isevulose is almost completely 
used up in the organism, and only a very slight quantity of this 
sugar appears in the urine ; but a large quantity of Ixviilose 
causes a most decided increase of the glucose eliminated, the 
greater portion of Isevulose at the same time passes off' unchanged 
by the urine. 

Minkowski ('*) has shown that — (1) Levorotatory carbo- 
hydrates are partially destroyed in the system; (2) partiallv 
converted into dextrose and eliminated as such by the urine; 
(3) but when large quantities of litvulose are given, a portion 
passes oEf unchanged. 

Haycraft ("). by experiments on animals and by observations 
on three diabetic patients, has shown that — (1) In a case of 
chronic diabetes in an old person, all the Itevulose taken (50 
grnia daily) was utilised in the organism, and there was no 
increase of the glucose excreted. (2) In some acute cases, a 
part of the lavulose taken with the food was excreted as such, a 
part was utilised in the body, and a part was tmnsformed into 
glucose. (3) In rabbits, glycogen is formed from the la-vulose 
taken, and is stored up in the liver. 
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Hale White Q^) has made a number of observations on the 
nction of laivulose. He found that if large amounts of liuvulose 
were taken, some appeared in the urine. In none of the cases 
(lid it have the pernicious effect (often produced by ordinary 
carbohydrates) of increasing the output of sugar beyond the 
extra quantity given. The excretion of sugar was usually 
increased when la^vulose was given, but it was sometimes 
diminished. In most of the cases, after giving lajvulose, nmch 
less sugar was passed in the urine than would have been 
excreted if the previous excretion of sugar had remained 
stationary, and all the Isevulose had appeared in the urine. This 
result seems to indicate that, in these cases, a portion of the 
lievulose taken was retained and destroyed in the body. 

Some of Hale White's cases show that laevulose can be 
utilised better than dextrose. None of the patients felt worse 
after taking Levulose ; some felt better, and gained in weight. 

Grube (^^) concludes that laevulose can be given in moderate 
<[uantities, in the mild forms of diabetes, without any injurious 
results as regards sugar excretion, state of urine, etc. These 
])atients appear to be able to utilise the laevulose in the system, 
though they are unable to utilise dextrose and cane sugar, which 
are excreted in the urine. 

Bohland (^) has obtained similar results. In mild cases lie 
found tliat hevulose was utilised in the system ; in severe cases, 
the suL^ar excretion in the urine was increased when Icevulose 
was given. 

Pure huvulose is very expensive, too expensive for the 
majority of diabetic patients, but most of the sugar in many 
kinds of fruit consists chiefly of Itevulose. 

Mannite or manna sugar is not a true sugar, but a hexad- 
alcohol. It is the chief constituent of manna, and some fungi 
contain mannite, but little carbohydrate material. It does not 
increase the sugar excretion, and 30 grms. can be taken daily 
])y diabetics without producing any digestive disturbances, 
bnt it has a slight purgative effect. It may be given with 
i'offee. 

2\infaglucosCy xylose, arHnose, produce no bad effects in 
diabetes, but they pass out of the body undecomposed 
(Ebstein 21). 

Lindemann and May (^) found that rhamnose, both in 
liealthy and in diabetic persons, was partly utilised in the 
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system, whilst a portion passed off in the urine. In henlih a 
amall percentage of rhainnose was excreted ; in diabetes tliey 
found also ii small proportion of rhamnose in the urine, aloag 
with an increase of the grape sugar excretion. Ubauinose waa 
to some extent utilised in the system iii diabetes, but not \a 
the same extent as in health. 

/v-osite (or muscle sugar) is really a benzol product, and 
not a sugar. It ia found in muacle tissue, is widely distributed 
in the animal kingdom, and ia also present in young French 
beans. It is completely destroyed in the system in diabetes 
(Hirschfeld). 

SaechariTw, a coal tar product, having a very sweet taste, may 
be used in place of sugar to sweeten various articles of diet for 
diabetic patients. 

Sirxin,'^ another coal tar product, has recently beea recom- 
mended for the same purpose. This substance is said to be six 
hundred times as sweet as sugar- 
Tablets of both substances are prepared ; a saxin tablet 
. the size of a hypodermic morphia tablet is equivalent to a lump 
of sugar. The flavour of siixin is better than that of saccliarine^' 
and is abnoat exactly the snme as sugar. 

The great problem with respect to the dietetic treatmenb 
of diabetes is, to find a carbohydrate which is completely burnt 
up in the system, and which can be readily procured at a 
amall cost 



Ariu-lcs of Diet from the Vegetable Kiiigdom. 

Fruits. — The most injurious constituent of fruit is sugar,, 
but in many kinds of fruit a large percentage of the sugar is 
lievulose, which is utilised in small or moderate ([uantitieg in 
certain cases of diabetes. 

There ia a considerable difference of opinion with respect to 
the advisability of allowing a small qiuintity of fruit to diabetics. 
Many physicians advise fruit to he withdrawn from the dieC 
entirely; others would allow a small tjuantity in certain cases, 
lu any case of diabetes, if it has been shown that Irevulose caa 
be utilised in the system, i-.e. that the glycosuria is not increased 
by its use, then a small quantity of a fruit in which the sugar 
is in the form of Itevulose may be allowed. Otherwise, the 
complete withdrawal of fruit would appear the more reasonable. 
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especially in England, where fruit forms so small a portion of 
the diet of most people. 

Peaches and apricots are regarded as the least objectionable 
kinds of fruit by Ebstein. Melons only contain 0*27 per cent, 
of sugar. 

The patient may be allowed stewed green gooseberries and 
cream, sweetened w^ith saxin, and a little soda-water may be 
taken afterwards to neutralise the acidity of the gooseberries. 

Dates, tigs, currants, raisins, dried prunes and plums, and 
other dried fruits which are rich in sugar, ought to be forbidden. 

Nuts may be allowed, as a rule. Walnuts, almonds, filberts, 
hazel nuts, and Brazil nuts may be freely allowed. Chestnuts 
ought to be avoided, since they contain a large quantity of 
carbohydrates, including 2 per cent, of sugar. 

Pickled walnuts may be allowed freely. Walnuts may be 
also boiled and used in the place of vegetables. 

Place the walnuts (the shells having been removed) in boiling water, 
and continue to boil for thirty minutes ; then drain away the water 
carefully, place on a plate and sprinkle well with aleuronat flour (see 
p. 355). Add salt, a little pepper, and butter also, if preferred. The 
pan used should be enamelled or well lined, as an iron pan turns the 
nuts black. 

Cocoa-nuts contain a small quantity of sugar, but this may 
be removed easily, and cocoa-nut flour may be used for the 
preparation of biscuits (see p. 354). Almond flour is also 
largely used for the preparation of cakes and biscuits. A bread 
formed from pea-nut flour has recently been recommended. 
These preparations from nuts will be referred to later. 

Vegetables, — As a general rule, it may be stated that green 
vegetables may be allowed, but white vegetables and root vege- 
tables should be avoided. 

The following may be allowed freely : — Salad (mustard and 
cress), water-cress, the green parts of cabbage and lettuce, 
Brussels sprouts, endives, broccoli, spinach, cucumber, mush- 
rooms. Pickles — pickled cucumber, walnuts, and onions — may 
also be allowed. A considerable amount of carbohydrates is 
present in celery, onions, leeks, green French beans ; by some 
they are forbidden, by others sanctioned, but when a very rigid 
diet is indicated they are better avoided. 

The following ought to be avoided in a rigid diet : — Potatoes, 
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rice, sago, tapioca, groats, arrow-root, macaroni, peas, beans, 
turnips, carrots, parsnips, and beet-root. 

Potatoes contain a less percentage of starch than the other 
articles just mentioned (only 15*5 per cent.). Sometimes the 
craving for potatoes is great, and in certain cases they may be 
allowed in small quantities, cooked in the form of potato chips. 
A single potato may then " be made to fill almost a whole dish.*' 
L. Brunton (^) gives the following directions : — 

A large deep pan (not a frying-pan) 6 in. deep should be filled with 
oil, or grease or dripping. This is placed on the fire until it appears to 
boil. It is allowed to go on boiling, and all the water that is mixed 
with the dripping boils away; and finally, in place of a boiling liquid, 
there is a liquid with a perfectly smooth surface which is not boiling 
at all. This is the time for cooking the potatoes. They are cut into 
very thin shavings and thrown into the hot fat. They are then quickly 
boiled and kept in the fat until slightly brown. Under the influence 
of the great heat they have become firm and crisp upon the surface, 
and the fluid that they contain is boiled within these crisp surfaces by 
the fat, so that the chips are blown out, each little shaving of potato, 
which was originally as thick as a bit of cardboard, is now three- 
quarters of an inch thick. 

Composition of various Artides of Diet from the Vefjetahle Kingdom,^ 



Wheat . 
Barley . 
OoXs 
Rice 



' Garden bean? 
Peas 
LeutilM . 



Water. 

13'r)6 
13-78 
12-92 
13-2,3 



13-00 
14-31 
12-r»l 



Ceiiealia. 



Nitro- 

irenous 

Substances. 



12-42 

11-lt) 

11-73 

7-81 



Fat. 

1-70 
2-12 
6-04 
0-69 



' starch, 
I Siif^ar. 
(Jmn, et<; 



07-89 
65 51 
55-43 
76-40 



Le(;u MINOS.*:. 

2.3-12 2-28 

I 
22-63 i 1-72 

'24-81 ' 1-85 



53-63 
53-24 



54-78 



Cellulose. 

2-66 

4-80 

10-83 

0-78 



Ash. 



1-79 
2-63 
3 05 
109 



3-84 


3-i>3 


5-45 


2-65 


3-58 


2-47 



1 V. Ziemssen's "Handbook of General Therapeutics," vol. i.. Art. "On the Dietary of 
the Sick and Dietetic Methods of Treatment,'* by Bauer, Trans., London, 1885. 
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Tlie mean composition of the pot^ito (Kcinig) is as follows : — 

Water 

Nitrogenous matters 

Fat 

Stjirch 

Cellulose 

Ash 



75-77 
1-79 
0-16 

20-56 
0-75 
0-97 



Roots (KiiNio). 



Field carrots 
Turnips . 
, Beet -root . 
Celery 
Horse radish 
Radish 
Ouious 



87-05 
91-24 
87-07 
84-09 
70-72 
86-92 
85-99 



Nitro- 
Water. i j^enous Fat. 
' Substances. 



1-04 
0-96 
1-37 
1-48 
2-73 
1-92 
1-68 



Sugrar. 



0-21 


6-74 


0-16 


4-08 


0-03 


0-54 


0-39 


0-77 


0-35 


• • • 


0-11 


1-53 


0-10 


2-78 



Non- 
nitrogenous 
Extracts 
other than 
Sugar. 




Vegetables (Konio). 



Cabbage . 
Cauliflower 
iirussels si)routs 
Spinach . 
Kndive 
Lettuce 
Asparagus 
French beans 



Garden peas (un- 
ripe seeds) 



Water. 



89-97 
90-39 
87-63 
90-26 
94-13 
94-33 
93-32 
88-36 
80-49 



Nitro- 
genous 
Substances. 



1-89 
2-53 
4-83 
3-15 
1-76 
1-41 
1-98 
2-77 
5-75 



Pat. Sugar. 



0-20 
0-38 
0-46 
0-54 
0-13 
0-31 
0-28 
0-14 
0-50 



2-29 
1-27 

0-08 
0-76 

• • • 

0-40 
1-20 



Other Non- 
nitrogenous 
Substances. 


Cellulose. 


Ash. 


2-58 


1-84 


1-23 


3-74 


0-87 


0-82 


6-22 


1-57 


1-29 


3-26 


0-77 


1-94 


1-82 


0-62 


0-78 


2-19 


0-73 


1-03 


2-34 


1-14 


0-54 


6-82 


1-14 


0-57 


10-86 


1-60 


0-80 
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I 

1 


Fruits. 






■ 




Water. 


Nitre- 

genoui 

Matten 


v. 


Free 
Acids. 


Sugar. 


Other Non- OeUuloee 
nitrogenous 4- Ash. 
Matters. Kernel. 

i • 


Apple 




83-58 


0-39 


0-84 


7-73 


5-17 


1-98 0*81 


Pear. 




83-03 


0-36 


0-20 


8-26 


3-54 


4-30 


0-31 


Plum 




84-86 


0-40 


1-50 


3-56 


4-68 


4-34 


0-66 


Greengage 




80-28 


0-41 


0-91 


3-16 


11-46 


3-39 


0-89 


Peach 




80-03 


0-65 


0-92 


4-48 


7-17 


606 


0-69 


Apricot . 




81-22 


0-49 


1-16 


4-69 


6-35 


5-27 


0-^ 


Grape 




78-18 


0-59 


0-79 


24-36 


1-96 


3-60 


0-53 


Cherry 




80-26 


0-62 


0-91 


10-24 


1-17 


6-07 


0-73 


Strawberry 




87-66 


1-07 


0-93 


6-28 


0-48 


2-32 


0-81 


Gooseberry 




85-74 


0-47 


1-42 


7-03 


1-40 


3-52 


0*42 


Orange (without 
rind or pips) 


89-01 


0-73 


2-44 


4-59 


0-96 


1-79 


0-49 


Cucumber 


• 


95-60 


1-02 


• • • 


0-95 


1-38 


0-62 


0-39 


Melon 


• 


95-21 


1-06 


• • • 


0-27 


1-16 


1-07 


0-68 


1 
1 


Dried Fku] 


[TS. 












Raisin 


8. Fij 


fS. 






Water 


32 -Ot 


I ' 31- 


20 






Nitrogenous matter 

Fat 


2-4: 

0-51 


I ; 4- 

} ' 1- 


01 
41 






Free acid .... 


• 1 • • • 


1- 


21 






Sugar 

Otlier non-nitrogenous matters 
Cellulose and seeds 


. , 54-l« 
7-4. 
1-7' 


3 49- 
S 4- 
I 4' 


79 
51 

98 






./VSIl • • • « • 


1-2 


1 1 2-86 


1 

1 





Nuts (Kuni 


[G). 






• 


1 

' Water. 


Nitro- 

jfenous 

Matter. 


1 

1 Fat. 

53-68 


Carbo- 
hydrate. 


Cellulose. 


Ash. 


Sweet almor 


id 


« • 


5-39 


24-18 


7-23 


6-56 


2-96 


\ Walnut 


• • ■ 


4-68 


lC-37 


62-86 


7-89 


6-17 


203 


Chestnut 


• • • 


51-48 


5-48 


I 1-37 

1 


38-34 


1-61 


1-72 
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4. BREAD AND ITS SUBSTITUTES. 

Bread is the article of diet with respect to which there is 
the greatest difficulty in the dietetic treatment of diabetes, since 
wheateu bread contains a large percentage of starch. The mean 
composition from a large number of analyses collected by 
K(>iiig(-*) is as follows: — 



Mean for Fine Mean for 
Bread. | Coarse Bread. 



Water . 

Nitrogenous substances 

Fat 

Sugar . 

Carbohydrates 

Woody fibre . 

Ash 



38-51 

6-82 

•77 

2-37 

49-97 

•38 

1-18 



41-02 

6-23 

•22 

2^13 

48-69 

-62 

1-09 



It is therefore unsuitable, at least in the ordinary quantities, 
when a rigid diet is indicated. 

Most patients, however, object to the withdmwal of bread 
for any length of time from the diet, since it is so difficult to 
find a satisfactory substitute. 

In the most severe forms of diabetes, as previously men- 
tioned, bread ought to be allowed in limited quantity, since a 
rigid diet is dangerous. In the mildest cases of the mild form 
of the diseases it is sometimes found, after keeping the patient on 
a rigid diet for a short time, that a small quantity of bread may 
be allowed, without any sugar reappearing in the urine, ix, the 
l)atient is able to tolerate a small quantity of carbohydrate food. 
In these cases, of course, a little bread ought to be added to the 
diet, so long as it does not cause glycosuria. But in other cases, 
the more severe cases of the milder form (variety J, p. 325), the 
addition of bread to a rigid diet always causes sugar to appear 
in the urine. In such cases it is well to entirely replace bread 
by some other substitute, temporarily at least. In course of time, 
however, the patient's desire for bread often becomes so strong, 
that this article of diet can only be in part replaced by some of 
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the brend subatilntes, and a small araoimtof ordinary bread must 
be allowe'l, 

Ab already mentioned, for diagnostic purposes it is always 
well to plfice a patient on a rigid diet — from which bread has 
been withdrawn — for a short time, and then some bread eab- 
atitiite is necessary. 

A nunilier of bread substitutea have been from time to time 
advocated, but unfortunately a large proportion of these are 
naelesa. Many of them are exceedingly expensive, many are 
very unpalatable, and many contain a very lai^e percentage of 
starcli, as shown by analysis, 

A large number of the si>ecimen8 of diabetic bread and 
biscnita which I have examined, have been coloured deep blue- 
black by a drop of iodine and potassium-iodide solution, indi- 
cating the presence of a large percentage of starch. Hence it 
ia not surprising that Schmitz, in writing of diabetic bread 
substitutes, should state that they are of service chiefly to the 
hakcr; and that Saundby should state that diabetic breads are 
often " neither more nor leas than frauds." Some physicians, 
especially on the Continent, prefer always to allow the patient a 
small limited amount of ordinary white bread daily, rather than 
trust to expensive, unpalatable, and unreliable substitutes. 

For my own part, I fail to see the advantage of diabetic 
foods, contnining half as much starch as ordinary bread. Thus, 
for example, some preparations of diabetic bread contain nearly 
25 per cent, of carboliydrates. Now. ordinary bread only con- 
tains about 50 per cent, of carbohydrates. Hence a patient 
taking 13 oz. of this diabetic bread daily would consume 3 oz. 
ot cai'bohydratea, but he would only consume the same qtiaatity 
of carbohydrates if he took G oz. of ordinary bread, and the 
latter he would find much less expensive, and much more palatable 
and satisfactory, than 12 oz. of certain diabetic breads. 

All diabetic food preparations have not the above-mentioned 
defects, however, and a number of the^e articles, when properly 
prepared, are of great service iu the cases indicated. I have 
had many diabetic foods jirepared at my own house ; as a 
rule, they can be made easily; and diabetic bread and cakes 
prepared at home are generiklly more satisfactory — more reliable. 
more palatable, and much less expensive— than those obtained 
from many firms. 

Before reeommendiug any brt-ad substitute, it is well to test 
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a sample with a drop of a watery solution of iodine and potassium 
iodide. Any preparation which gives a deep blue-black coloration 
with this solution contains a large quantity of starch, and ought 
to be rejected ; also samples of cocoa-nut or almond cakes ought 
to be tested for sugar (by the fermentation test). 

The following are the most important substitutes for bread 
and farinaceous articles of diet, which have been employed in 
the treatment of diabetes : — 

(1) '' Torrified" bread, prepared by toasting thin slices of 
bread until they are dark brown or almost blackened, is often 
recommended for diabetic patients, in place of ordinary bread. 
It is supposed that the starch and gluten of the bread are in part 
decomposed by the heat. The patient is certainly not likely to 
eat any large quantity of this burnt bread, and this is probably 
its only advantage. 

(2) Ghtten bread is one of the oldest substitutes, and has been 
perhaps more largely used than any other. It was first intro- 
duced by Bouchardat, over fifty years ago, and has enjoyed 
great popularity in France. It is prepared from gluten flour, a 
substance obtained by washing away the starch from wheat flour. 
A large number of specimens of gluten bread which I have tested, 
have contained so much starch, however (indicated by the intense 
blue colour produced with a drop of iodine solution), as to be 
practically useless as bread substitutes. But all gluten breads 
are not of this kind. Some preparations of gluten flour contain 
only a small amount of starch and cellulose, 2 to 2*5 per cent., 
and are of great service to the diabetic patient. 

Mr. K. 0. Bischof (28 Hanging Ditch, Manchester, and 35 
Brooke Street, Holborn, London, E.G.) supplies a gluten flour which 
has the following composition : — 

Gluten, by direct extraction and drying . . . 82*70 
Loss in washing, principally soluble albuminous matter 3*69 
Moisture ......... 10*34 

iiSil .......... 1 '\)0 

Starch and cellulose . . . . . .2*22 
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From this gluten flour, bread can be easily prepared daily 
at the patient's house, and for a time it may answer as a bread 
substitute completely or partially. 
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lieeipp/or making ijlulen bretuf. ^^^^| 

Mix one pound of gluten flour {Bischof} with three-quarters of a pint 
or one pint of water, at 85° F. (No yenat is required.) ^Vs &oon .B 
ntised, put the dough into the tins, and immedintely jilacc them in tin 
oven, which should be about 430° F. Or the dough may be maile into siod) 
dinner rolls, nnd baked on fint tins. The loavec in the tins take about in 
hour and a half to hake, and the rolls three-quarters of an hour. Them 
is not the slightest difficulty in the making of either. The addition of i 
little salt improves the bread. 

Gluten bread is light, dry, and crispy, and is improved br 
being well buttered. The gluten bread bought from Taricma 
firms ought always to be tested with iodine and potassium iodide 
solution, in order to form a rough eatimate of the amount of 
starch present. 

By the use of a good gluten bread in the place of ordinary 
bread, of course a marked diminution of the sugar excretion mar- 
be produced. For example, a patient suffering from a mild form 
of diabetes, whose diet had been reatricted for some time, waa- 
allowed ordinary white bread for two weeks, but no other kind of 
carbohydrate food. The average e.\eretion of urine was 83 ot 
per diem, and the sugar excretion averaged 35 gra. |>er oz. of 
urine. Then for two months the ordinary bread was replaced ' 
by gluten bread, the diet otherwiae remaining the aanie. The 
quantity of urine averaged D4 oz. per diem, and the sugar 16 
grs. per oz. 

Gluten 0onr may also he ui^ed for the preparation of pan- 
cakes, puddings, etc. 

Gluten piiddiuff may be prepared as follows : — 

A batter of eggs, cream, and gluten flour is prepared. This is 
flavoured with lemon or other essences, and baked. 

Gluten pancai'es are made by adding gluten flour to one or two e 
and beating into » batter. The pancakes may be sweetened witli 
swxiharine or eaten with a little glycerin. 

(3) Braji cake. — The husk or bran of wheat consists of l^uin 
and an albuminoid substance ; after washing, to free it from 
starch aa much as possible, it may he made into bread with 
butter and eggs. 

Camplin (") long ago strongly recommended bran cake aa a 
substitute for bread in diabetes. He found it necessary to have 
the bran vei-y finely ground, otherwise it was hurried through the 
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intestines undigested, and diarrhoea was produced. When very 
finely ground this disadvantage was overcome. 

The following are his directions for the preparation of bran cake : — 
*' Take a sufficient quantity (say a quart) of wheat bran, boil it in two 
successive waters for a quarter of an hour, each time straining it through 
a sieve, then wash it well with cold water (on the sieve), until the water 
1 uns off perfectly clear ; squeeze the bran in a cloth as dry as you can, 
then spread it thinly on a dish, and place it in a slow oven ; if put in at 
night let it remain until the morning, when, if perfectly dry and crisp, 
it will be fit for grinding. The bran thus prepared must be ground in a 
iiiie mill and sifted through a wire sieve of such fineness as to require 
the use of a brush to pass it through ; that which remains in the sieve 
must be ground again until it becomes quite soft and fine. Take of this 
bran powder 3 oz. (some patients use 4 oz.), the other ingredients as 
f (allows — three new-laid eggs, li (or 2 oz. if desired) of butter, and about 
lialf a pint of milk. 

"Mix the eggs with a little of the milk, and warm the butter with the 
other portion; then stir the whole well together, adding a little nutmeg 
and ginger, or any other agreeable spice. Bake in small tins (pattipans), 
which must be well buttered, in a rather quick oven for about half an 
hour. The cakes, when baked, should be a little thicker than a captain's 
biscuit ; they may be eaten with meat or cheese for breakfast, dinner, 
and sui)per; at tea they require rather a free allowance of butter, or 
may be eaten with curd or any of the soft cheeses. It is important that 
the above directions as to washing and drying the bran should be exactly 
followed, in order that it may be freed from starch, and rendered more 
friable. In some seasons of the year, or if the cake has not been well 
jTepared, it changes more speedily than is convenient — this may be 
prevented by placing the cake before the fire for five or ten minutes 
every day. Mr. Blatchley of 352 Oxford Street, Lcmdon, makes the bran 
biscuits, and prepares the powder for those at a distance who have no mill." 

Bran flour can be obtained from Mr. P2. IMatchley, 167 Oxford Street, 
London, but Camplin recommends that the patient, if he does not pre- 
])are the flour, should at least have it baked at his own house, rather 
than purchase the dry hard biscuit of commerce. 

(4) Soya biscuits or bread, — During the last seven years soya 
beans have been used in the preparation of bread and biscuits for 
diabetic patients. The soya or soja bean is used in Japan for 
l)reparing various articles of food. The Japanese give the name 
of daidsu to the plant from which the beans are derived, but 
various botanical names have been given to it, Soja hispida, 
Glijemc hispida, etc. (H. White ^^). 



352 THE TREATMENT OF DIABETES. 

In China an emulsion in wuter is made with the oil exprefsoi 
fi-oni the beans, and is drunk iu those districts in wliich Uie 
l>eopIe are too poor to buy milk. 

Dujardin-Beaumetz (^) recommended bread prepared from 
the aojit beans for diabetic patiente, at the Berlin Intei-uatioDal 
Congress in 1890, and since then it haa been f requenily 
employed. 

It is stated that the soja beans contain a large quantity nf 
nitrogenous matter and fatty material, and only a small per- 
centage of starch ; and for this reason they are recommended as 
a suitable article of diet for diabetic patients. But the \-arioni 
analyses published show great discrepancies. According to 
Uujardin-Beaumetz, soja bread contains less than 3 per cent, of 
starch or sugar, 9 per cent, of fat, 20 per cent, of proteids, and 
45 per cent, of water. The Lancel for August 16, 1890. give* 
272 as the percentage of starch iu soja bread. Guy's Hospilai 
Gazette (28th February 1891) gives H-i as the percentage of 
starch; Saundby, 23 per cent, in the bread, 46 per cent, in the 
biscnit, 45 in the flour (^). According to Professor Attfield, 
soja Hour contains 30 per cent, of cellulose, starch, and sugar. 

Soja bread does not keep weli, but the biscuits can be kept 
for a long time. Most of the biscuits which I have tried have 
had an unpleasant taste — some of them n very unpleasant taste. 
One sample gave only a faint blue coloration with a drop of 
iodine solution ; but sevend others, obtained at diflereut times 
from the same makers, contained a large amount of starch. 
and gave a deep blue-black coloration with iodine solution. 
Hale White (^) and others have obtained good results from the 
use of soja preparations. 

(j) Almond cakes were recommended long ago by Dr. Rtvy 
as a substitute for bread. Ground almonds, in the form of a 
powder, can be obtained from many provision shops. The sweet 
almonds contain 3 to 5 per cent, of sugar, but this may be removed 
by pouriug over the pulverised almonds boiling water acidified 
with tartaric acid (Pavy), or acidified with a tew drops of acetic 
acid (Seegen). Almond flour washed in this manner is almost 
free from sugar.] 



Composition of Hie Stred Almond {Koni'j). 

Wal*r 5-8»^ 

Nitrogenous iimtters 24*11 



i 
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Fat 

Carhohydrates 
Cellulose 
Ash 



53-68 
7-23 
6-56 
2-96 



The following are the directions given by Seegen (^) for the 
preparation of almond cakes : — 

Break up about a quarter of a pound of sweet almonds as fine as 
possible in a stone mortar (or the almond flour may be used). Put the 
Hour into a linen bag, which is then immersed for a quarter of an hour 
in boiling water, acidulated with a few drops of vinegar. This removes 
the small amount of sugar from the almonds. Mix intimately with 
3 oz. of butter and two eggs. Then the yolks of three eggs and a 
little salt are added, and the whole stirred briskly for a long time. A 
fine froth is made by beating the whites of three eggs, and then added 
to the above mixture. The paste is made into biscuits, smeared with 
melted butter, and baked with a gentle fire. 

Almond cakes have long been used with a certain amount of 
success, but, on accoimt of the large quantity of fatty matter 
which they contain, they are somewhat diflScult to digest, and 
are apt to give rise to dyspepsia. Their digestion is greatly 
aided, however, by a small quantity of wine, brandy, or some 
form of alcohol, taken with the biscuits, or directly afterwards. 

Saundby gives the following direction for the preparation of 
almond cakes : — 

One lb. of ground almonds, four eggs, two tablespoonfuls of 
milk, a pinch of salt Beat up the eggs, and stir in the almond flour ; 
divide in twelve flat tins, and bake in a moderate oven for about fifteen 

minutes. 

I have found cakes prepared according to these directions 
very palatable. They can be easily made at home. 

I have also found almond pudding, prepared according to the 
following directions, very palatable and useful : — 

Two eggs, I lb. of almond flour, J lb. of butter. Three tabloids of 
saccharine dissolved in an ounce of brandy, or a little saccharine solution, 
may be used to sweeten the mixture. 

Warm the butter, beat in the yolks of the eggs and the almond 
flour ; add the saccharine. 

\\Tiisk the whites of the eggs into a froth, then mix all together, 
place in a mould, and bake in a quick oven. — Mrs. Hart (^®). 

23 
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(C) Cocna-nnl. — The edible part of cocoa-nut forms a useiul 
addition to the diet of the diabetic. It may be piircliaeod 
desiccated powder, which can be easily imitle into biscojln 
Cocoa-nut powder is very cheap, and costs only 4^d. to fli 
per lb. Cocoa-nut contains a small ainoimt of sugar, but i 
large amount of fat (70 per cent.). 

Almost all the samples of cocoa-nut powder which I ha;* 
examined have contained a very small quantity of sugar, and 
sometimes it is adulterated with sugar ; hence it is well to l«9t 
the powder (by the fermentation teat), to ascertain if there i-sany 
quantity of sugar present. It may also be tested for starch witi 
iodine. A good anniple contains, however, very little sugar; ai 
specialty prepared cocoa-nut powder can be obtiiined, which 
stated to be free from sugar, but most of the samples which I h«w 
examined have contained a little, and it is somewhat expensive 

The trace of sugar can easily be removed from ordiiuiT 
cocoa-uut powder, however, by adding a little yeast and wsMt. 
and allowing the mixture to ferment before use. 

Biscuits and cakes made of cocoa-nut may be prepared lot 
diabetic patients. The following are directions for home- 
cocoa-nut and cream cakes, which I have found to be 
palatable !— 

Three tablespoon fills of cocoa-nut powder are mixed into a vuit, 
with a little German yeast and water. The mixture is aDowed W 
remain by the fire, or in a wftrm plaue, for atout twenty minutes, until 
fermentation ouuurB, and it becomes " puffy." Then a little of a watart 
solution of saccharine ia added. 

One egg ia beaten up, and this with two tcuspoonfuls of crean 
a little water are added to the cocoa-nut paste. The -whole is 
mixed, and dropped into small tins, and baked in an oven for afaog 
thirty minutes. 

These cakes are excellent, but contain so much fatty material 
that in many persons they cause slight dyspepsia. This may 
easily be prevented by taking a little wine, or alcohol in soma 
form, soon after eating the cakes. 

Saundby gives the following directions for the preparation of 
cocoa-nut and almond cakes : — 

Three-tjuartera of a lb. of the finest desiccated cocoa-nut powder, } IK 
of ground almoniis, six eggs, half a teacupf ul of milk. 

Heat up the eggs, and stir in the cocoa-nut and almond Hour. Dividi 
) sixteen flat tins, and bake twenty-five minutes in a muderate oven. 
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Cocoa-nut can also be made into puddings, which will supply 
the i)Iace of rice pudding. I have found the following useful : — 

Tako tliree tablespoonfuls of cocoa-nut powder, mix with a little 
German yeast and water, and keep for twenty minutes in a warm place, 
so as to decompose the small quantity of sugar j)resent ; add four 
tablespoonfuls of cream, one i^^^^ a little salt, half a pint of water 
sweet(?ned Avith saccharine. 

^lix into a paste. Place in a dish greased with butter. Cook like 
rice pudding, in a slow oven, thirty minutes. 

Cocoa-nut pancakes can also be preimred. I have had these 
made as follows: — 

Take one (i^g ; beat up in two tablespoonfuls of milk, or better, in a 
little cream and wat<;r. Add a pinch of salt 

Then add two tablespoonfuls of cocoa-nut powder (freed from 
sugar). Allow to stand five to ten minutes. 

A<ld a little more cream and water. 

^lix well, until it is a little thicker than ordinary pancake batter. 
Place a little lard in a frying-pan ; heat until the lard is just melted ; 
then drop in half of the above mixture. 

Allow to remain over a moderate fire for a few minutes (five), until 
the under surface is brown ; then turn the cake over, and heat for 
another five minutes. 

The other half of the mixture may be used for a second pancake. 

(7) Alcuronat. — Professor Ebstein (^^) has drawn attention 
to the value of an albuminous substance, named aleuronat, in 
OerniJiny (dXevpov = ilour). This is a vegetable albumin, 
which Dr. Hundhausen prepares by a special process from wheat. 
It is a light yellowish brown powder, and contains 80 to 90 
])or cent, of albumin in the dry substance, and only 7 per cent. 
of carbohydrates. (It can be obtained from R Hundhausen, 
Hanim, Westphalia, Germany, in parcels of 4^ kilos., for about 
seven shillings.) Aleuronat powder is thus a cheap form of 
albumin, and can be used as a substitute for ordinary flour 
in various ways, in cooking, in the preparation of soups, sauces, 
etc., and it can be baked into bread. But in the preparation of 
])read it is necessary to add a considerable amount of ordinary 
Hour. Ebstein gives directions for the preparation of aleuronat 
breads containing 27*5 per cent, and 50 per cent, of albumin 
in the dry substance. The following are his directions for the 
l)reparation of bread containing 50 per cent, of albumin: — 
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About 6 or 7 oz. of ordinary wliite floui'. 
„ 6 or 7 oz. of ftlettroiifit powder. 
„ 5 az. of butler (of the Wst quality). 

One teaspooiiful of salt. 

Three-quarters of an ounce of baking jiowiler, 

Ttic flour and aletiroiiat are mixed in a warm ilisli, and tlie indttd 
butter and milk (made hikewarm) are gradually atlded, then the «»H 
and finally the Ijaking powder (one part of sodium carl»onatc »aA t»» 
partfl o( cream of tartar). The dough is we!I mixed, then formed mto 
loaves, and baked at a good heat. 

I have hiid uleuronat bread prepared at my own house, ami 
have prescribed it for diabetic patients. It forms a useful and 
fairly palatable brown bread ; but, aswill be seen from its com- 
position, it contiiiua a considerable amount of starch. A patient 
taking 16 oz. of this bread per day would consume as mucli 
starch as a patient taking 8 oz. of ordinary white bread, but 
the amount of albumin would be much greater in the former 
case. After a time most patients would much prefer thi 
8 oz. of ordinary bread to the 16 oz. of aleiu-ouat bread. It ha* 
always appeared to me that half measures with regard to diabetic 
food preparations are somewhat unsatisfactorj-, and that it is 
better either to replace bread entirely by some substitute aimoEt 
free from carbohydrates, or to allow a definite small amount of 
ordinary bread, with the addition of some starchleas diabetic 
bread substitute. 

Aleuronat and cocoa-nut cakes. — After a number of experi- 
lueuts, which I have had made at ray own house, I have found 
that very satisfactory cakes and buna cau be formed by a com- 
bination of aleuronat and cocoa-nut (**). Home-made prepara- 
tions of these cakes are preferable ; and at the Manchester 
Infirmary, for several years, excellent biscuits have been 
made by the cook, for diabetic patients, accoiHiing to niy direc- 
tions. Of course the patient regards all bread substitutes as 
more or less objectionable after prolonged use. But I have 
found that most of the numerous private and hospital patients 
who have used these aleuronat and cocoa-nut aikes prefer them to 
any other kind of diabetic bread, and their composition is reliable. 

Cocoa-nut powder contains a large quantity of fatty material, 
hut a small quantity of sugar is also present; as already 
mentioned, the latter can be almost entirely removed 
action of yeast. 
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For the preparation of these cakes, 2 oz. of desiccated 
cocoa-nufc powder are mixed with a little water containing a 
small quantity of German yeast. The mass is then formed 
into a kind of paste, and this is kept for half an hour or longer 
in a warm place. The small amount of sugar contained in the 
cocoa-nut is almost entirely decomposed by the fermentation 
produced by the yeast, and the cocoa-nut petste becomes spongy. 
Two oz. of aleuronat, one egg beaten up, and a small quantity 
of water, in which a little saccharine or saxin has been dissolved, 
are now added to the cocoa-nut, and the whole well mixed until 
a paste is formed. This is spread out on a tin and divided into 
cakes, which are baked in a hot oven for twenty or thirty 
minutes. 

Messrs. Callard & Co. of Regent Street have kindly 
supplied me with a desiccated cocoa-nut powder, from which the 
small amount of sugar has been almost entirely removed. If 
this be employed, then the addition of the yeast is not necessary ; 
2 oz. of aleuronat, 2 oz. of cocoa-nut, 1 egg (beaten up), 
and a little water sweetened with saccharine, are simply mixed 
together, divided into cakes, and baked. 

The cakes are most palatable when newly made. If they 
have been prepared more than twenty-four hours, the taste is 
greatly improved if they are slightly warmed before the fire. 
They are also improved by being buttered. 

I have had excellent buns, about 1 inch in thickness, pre- 
pared from aleuronat and cocoa-nut powder. Two oz. of desic- 
cated cocoa-nut powder are mixed with a little yeast and water, 
and kept in a warm place (by the fire) for fifteen to twenty 
minutes. Then 2 oz. of aleuronat are mixed well with one tea- 
spoonful of baking powder and a little salt. After the action 
of the yeast, the cocoa-nut powder is added to the aleuronat, 
together with one egg, beaten up, and water (sweetened with 
saccharine or saxin, if preferred). The mixture is worked into 
a thin batter, and this is then placed in deep tins or tart dishes, 
which are put at once into a hot oven for twenty to thirty 
minutes. When half baked, the buns or rolls may be glazed 
with a little egg albumin, and then placed in the oven again 
until browned. 

The above directions indicate the proportions of the sub- 
stances, but of course large quantities can be employed. 

The advantages of these cakes, buns, and rolls are— (1) A 
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diabetic piitieut can have them easily prepared at his own 

(2) If 80 prepared, they are cheap iti comparison with 
diobetic foods, (Aleuronat can be obtained from Gen 
in ^larcela coutaining 4i kilos, for Vs., that is, about 
per lb. ; fine desiccated cocoa-nut powder at 4Jd. p 

(3) Tliey are much more palatable ihun most diabetic 
to many persona they are very palatable. (4) They 
a large quantity of vegetable albumin and fatty matter, airf 
only a very small amount of carboliyJi-ile, A BoIutioD -^ 
iodine gives no blue coloration with the cakes, aud hwiw 
the starchy matter must be very small. When given W 
diabetic patients in place of ordinary bread, of course a gitil 
diminution of the quantity of sugar excreted in the urine is 
observed. 

I have found these biscuits and buns useful as a brad 
substitute, when for diagnostic purposes a patient has been 
placed on a rigid diet. They are also of great service in the 
dietetic treatment of diabetes, to replace ordinary bread totallr 
or in part when a rigid diet is indicated. 

The table on p. .3 5 9 shows the diminution in the sugar excretion 
aud diuresis produced in a diabetic patient by replacing ordinarj 
bread by the same quantity of aleuronat and cocoa-nut hiscuiti 
— the diet otheiwiae being the same. The patient was put on 
a diet of meat, greeu vegetablee. aud bread, and 1 drnj, of citnte 
of potassiiun given three times a day. The sugar was cai-efiilly 
estimated. As is usually the case, there was a diminution nf 
the sugar excretion during the first three days, but an equi- 
librium was soon reached. Omitting the figures for the first 
week from consideration, for the next six days, when the patient 
was taking 14 oz. of ordinary bread daily, the sugar excretion 
was from .3520 to 4800 grs. per day; the amount of urine 
from 200 to 240 oz. dady. The urine gave no brown-r«d 
reaction with percliloride of iron, and no reaction for aceton& 
At the end of this time 14 oz. of aleuronat and cocoa-nut cakes 
were given in place of the 14 oz. of bread for five daya Other- 
wise the diet was kept exactly the same. The thirst became 
less, the diuresis and glycosuria diminished ; the daily amoant of 
urine being 112 to 159 oz., and the amount of sugar 1792 to 
2850 grs. To make the observation complete, at the end of five 
days, 14 oz. of white bread were given in place of the aleuronst 
and cocoa-nut cakes, the diet otherwise remaining the same. 
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Tilt; tliirst incrciiaed, and the diiiresia and sugar excretion rose 
to tlieir prcviiius level. In tliis aise the bread was carefully 
weighed daily, Ky replacing bread by the same quantity of 
iileiironat and cocoa-nut biscuit, the average quantity of urine 
excreteti was ihus reduced by 80 oz. daily, and the average 
amount of sugar excreted was reduced practically by 2000 
gre. per diem. 
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1 have also had cakes prepared from aleurouat and almond 

flour as follows : — 

Thri'c oz. of alcuronat ; 3 oz. of almond flour ; one egg beaten up ; 
about two teaspoonfuls of cream, and a little water. 

Moisten tbe aleuronat with a little water containing saccharine, for a 
few luitmtes ; then add the almond flour, the egg and cream, and water 
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as requireil, Jimt to make a li^ht paste. Spread on to a tin. Cut iota 
squares and bake in a moderate oveu for twenty minutes. 

Aleuronal may also be used in the following preparations : — 

Ahiironai Pancake. 

Take one e^ ; beat up in a little water and cream : take ttvo tahl^ 
spoonfuls of aleuromtt [lowder; Eiild lialf a teasjioonful of baking; powder 
itnd a pinch of salt ; mix well, then add f^adually to tho egg and 
cream, and beat into a batter; allow to stand five minutes. If too 
tbivk, add a little more cream and water. 

Frj' as an ordinary pancake in a frying-pan with a little lard. At 
the end of about eight minutes, when tho imdet surface b browned, tum 
it over and continue to heat for about five minutes longer. 

I have found that the following forms a uaefiil, palatable, and 
cheap combination for diabetic patients : — 

Alearonat and Suet Pudding. 
Take 2 oz. aleuronat flour, 2 oz. suet, one egg, a pinch of salt, half 
a teaspoonful of baking powder. Sprinkle a little aleuronat flour on a 
chopping- board. Chop the suet on this part of the board. Then mix 
all the aleuronat with the chopped anet in a basin. Add the salt and 
baking powder. Deat up the egg in about tliree tab!e.sp>oonfula of wat«T, 
to which a little saccharine has lieen added. Then add the egg 
gradually to the mixed aleuronat and suet, stirring the whole mass well 
into a paste. Tiie addition of a little more water may lie necesi>ary. 
Drop into a tin pudding mould, smeared with butter or lard, and float 
it in a pan of water, and boil for two hours, taking care that the water 
dons not flow over into tho pudding-mould ; or, better still, the pudding 
may be baked in the oven. The addition of almonds (J oz.) improves 
the taste. It can be eaten with a httle red wine as a sauce. 

(8) Invlin biscuits.- — Itiulin is assimilated by diabetic 
patients, and Kiilz (^) recommends inulin biscuits prepared 
according to the following directions: — 

Fifty grms. of inulin are placed in a Urge porcelain basiu, and, 
while standing over a water bath, are rubbed up with 30 c.c. 
of milk, and as much hot water as may be necessary, into a uniform 
dough, with which the yolk of four eggs and a little salt are mixed. 
To this the whites of the four eggs are added, having first been be<at4-n 
to a foam, and carefully worked in. The dough is finally baked in tin 
moulds, previously smeared with butter. The laate of the biscuifaga^^^l 
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Inulin is so expensive, however, that this bread is not 
likely to be of much practical use. 

(9) Bread prepared hovn pea-nut flour hs:^ been recommended 
by Stern. The kernel of the pea-nut (Arachis hypogcc) contains 
29 per cent, of proteids, 49 per cent, of fat, and 14 per cent, 
of carbohydrates in the dry material. The oil is extracted and 
used for various purposes in trade. The meal contains 52 per 
cent, of proteids, 8 per cent, of fat, and 27 per cent, of 
carbohydrates. The pea-nut is one of the cheapest foodstuffs 
known. 

The following are Stern's (^) directions for the preparation 
of a " diabetic pea-nut flour " : — 

The pea-nut kernels are boiled in water for balf-an-hour, to extract 
a portion of the oil which they contain. They are then dried and 
pounded into fine particles by a rolling-pin. The pounded kernels arc 
then placed in boiling water, acidulated with tartaric acid or vinegar 
in order (1) to extract saccharine elements, (2) to overcome the smell 
and taste of the pea-nut, (3) to prevent emulsification of the remaining 
oil. After having undergone a thorough boiling with acidulated water, 
the f^round kernels are subjected to dry heat, and then rolled into fine 
Hour. The flour can be used in the form of porridge with milk ; bread 
and biscuits can be baked from it ; but it may be utilised in the form of 
the German panctike. As will be seen from the figures given above, it 
con till ns a considerable amount of carbohydrates, however. 

(10) O'Donnell recommends the following as a home-made 

substitute for bread (^) : — 

Six eg^s are thoroughly beaten, then a teaspoonful of baking 
l)owder or its chemical ecpiivalent and a quarter of a teaspoonful of salt 
are added, and again the eggs are beaten. This mixture poured into hot 
waflle irons, smeared with butter, is baked in a very hot oven. For 
variety pulverised nuts (almonds) may be added. They may be eaten 
hot with Imtter and cheese. 

(11) Icdaud moss is a lichen which is much used by the 
inhabitants of Iceland, Lapland, and the Arctic regions as an 
article of food. It contains a soluble gelatinous, carbohydrate 
substance, known as lichenin, and two bitter acids — cetraric 
and lichen -stearic. After the removal of these bitter substances 
by repeated washing (or washing with a solution of bicarbonate 
of potash), a bread may be fom\ed from the moss, which is 
largely used in Iceland. 
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(ili) Meal bread and bisciiils. — A bread substitute composed 
chiefly of flesh meat lias been recominendeii by Baron LubduH C^ 
Also meat biscuit and cheese biscuit are prepared by some 
nmkers of diabetic foods, but iiatui'ally they have never been 
iinich used. 



Bevehages. 

It is now generally acknowledged that it is unnecessary to 
restrict the quantity of fluid taken by diabetic patients, unless 
the thirst be exceediugly great. liestriction of the amount of 
fluids has been Bbowu to be distinctly harmful; the volume 
of urine and the amount of sugar excreted daily may be 
temporarily reduced thereby, but the general distress increaaec. 
A diabetic patient ought not to be allowed either to hunger 
or thirst ; but of course food and liquids must be taken in 
moderation. The gi-eater the quantity of sugar excreted by any 
diabetic patient, the greater Che thirst as a geueral rule, and 
vice versd. It, by treatment, the sugar excretion is diminished, 
the thirst and diuresis are also diminished, 

Prout has recommended that all liquids should be taken 
tepid, since the thirst is thereby relieved much better thau 
when the liquids are cold. Of beverages, good drinking water 
is tlie best. Tea and coflee both eoutain a sraall quantity 
of carbohydrates, but the percentage ia so very small (esiieciaily 
in the case of tea) that they may be allowed freely ; of couree 
they must not be sweetened with sugar; if a sweet taste is 
prefened, saccharine or saxin may be added. Matii or kola 
may also be allowed. Cocoa contains a considerable amount 
of carbfjhydrates, and hence ought to be forbidden. A prepara- 
tion of cocoa, from which the carbohydrates have been removed, 
is sold in Neuenahr, aud to this of course there is no objection. 
Chocolate should be forbidden, on account of the considerable 
percentage of carbohydrates which it contains. It has been 
already pointed out that milk contains 4 per cent, of lactose; 
whilst some patients take it without any bad eU'ects, in othera 
the sugar excretion is increased by its use. Unless, tlierefore, 
it has been proved that the ease belongs Ui the former class, 
milk ought to be forbidden, or allowed only in limited quantities 
when a rigid diet is indicated. Cream is one of the most useful 
articles of diet, and the artificial milk prepared from cream 
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(see p. 334) may be taken freely. Diabetic koumiss (see 
p. 33G) and kepliir may also be allowed. Bouillon, beef- 
tea, meat-broths (to which no carbohydrate material has been 
added), eggs beaten up with cream and w^ater, or with a little 
milk, and sweetened with saccharine or saxin, may be taken 
without restriction. Soda, potash, seltzer and Apollinaris waters, 
or the alkaline waters of Neuenahr, Carlsbad, or Vichy, may 
be allowed freely. But these carbonated alkaline waters should 
not be given at meals, as they impair digestion, especially the 
digestion of fats. 

AlcoJiol does not increase the sugar excretion ; and when 
taken in moderation and in a form unmixed with carbohydrates, 
it is of great service in some cases. It may be given in the 
form of brandy or cognac, or some of the wines which contain 
very little sugar. In the milder forms of diabetes, alcohol is 
unnecessary, but in the more severe forms it is very useful. 
Alcohol is of value chiefly as an aid to the digestion of fatty 
food. Fatty articles of food are of the greatest importance 
ill the diet of diabetics, especially in the severe forms of the 
disease, but frequently these articles cause dyspepsia when taken 
in considerable amount. The patient is, however, often enabled 
to eat large quantities of fatty food, without nausea or 
indigestion, if he take a small amount of alcohol in the form 
of brandy or non-saccharine wine, with or just after the meal. 
It is also of some service in aiding the digestion of nitrogenous 
food. By its use, therefore, in the severe forms of the disease, 
a much larger quantity of fatty food can be taken, and this 
is a point of importance when there is much wasting, or when 
tubercular complications are present. 

Hirschfeld attaches considerable importance to the use of 
alcohol in cases of commencing diabetic coma. 

Wines and alcoholic hevtroges. — Of course, great caution is 
necessary with respect to alcoholic beverages, as the thirsty 
diabetic is very liable to take these to excess ; certainly they ought 
only to be allowed with the meals. Some beverages are suitable, 
whilst others are very unsuitable. Wines which contain a 
large quantity of sugar must, of course, be avoided, but if the 
percentage of sugar be very small they may be permitted. 
Many old wines contain only a trace of sugar, and, as a rule, 
the older the wine the more suitable it is for diabetic patients ; 
new wines should generally be avoided. The name of the 
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wine is not always a reliable guide as to its composition, aiKl. 
UeEore advising any wine ot- wines for frequent consumption, 
it is important to obtain information respecting the results of 
the chtmical analysis. It is also to be remembered that wine 
is a drink and not a food; and large quantities ought not to b« 
taken by diabetic patients. But in addition to their \-alue in 
quenching thirst, and in aidinj; the digestion of fat (owing to 
the alcohol they contain), wines are probably of value, as Schmiu 
and others have pointed out, on account of the vegetable acid 
and mineral elements present, especially since the diabetic 
patient is to some extent deprived of these, through abstaining 
from fruit. 

Bordeaux wines contain only about 0"2 per cent, of sngxr; 
Rhine wines only 0-3 to 0"4 per cent. (Kijnig); Hock, Moeelle. 
and Ahr wines contain very little ; whilst some dry sherries are 
free from sugar. 

Austrian and Hungarian table wines also contain only a 
very amal! quantity of sugar; and Hungarian Carlowilz is 
practically free from sugar. All these wines may therefore 
be permitted in moderation. A pleasant way of taking the 
very acid table wines is to dilute them with a little 8od> 
water. In this way there is less risk of "heart-bm'n " and colic 
from the strong acidity of these wines. 

Wines which contain sugar in large or considerable 
quantities must be avoided. Must, Malaga, Port, Madeira, 
Tokai and the other sweet Hungarian wines, Malmsey, cham- 
pagne, and many Spanish, Sicilian, and Greek wines, contaiii 
Urge quantities of sugar, and must therefore be avoided. 

A champagne sans siicre can be obtained, hovrever, by 
those diabetic patients with whom this wine is a favojiritc 
beverage. 

Sweet ales, porter, rum, sweetened gin, and beer must also 
be forbidden. Brandy, cognac, or old whisky may be taken in 
small quantities. 

In order fo rdin-e thirst, it is important, ot courae, to try to 
diminish the sugar excretion by restricting the diet and by the 
use of drugs. As above stated, a reduction in the sugar excretion 
diminishes the thirst. But. in addition, there are other means 
of considerable service in relieving this troublesome symptom, 
acid drinks oE various kinds. Sir William Roberts 
recommends bitartriite of potash water, of which tlie following 
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is a pleasant form. A drachm or a drachm and a half of cream 
of tartar is dissolved in a pint of boiling water, and flavoured 
with lemon peel and saccharine; when cold it may be taken 
ill small quantities throughout the day. 

The following forms a useful lemonade, which is often 
prescribed for the relief of thirst: — Citric acid, 10 grs. ; gly- 
cerin, 4 drms. ; water, one pint. This may be taken in small 
(quantities during the twenty- four hours. Or a lemonade may 
be made from fresh lemons, and sweetened with saccharine or 
sax in. 

Water containing a little dilute phosphoric acid or other 
dilute acids is also often prescribed. 

Then there are several other means of relieving thirst. 
The patient may be allowed to suck ice, broken up into small 
fragments. Washing out the mouth frequently with cold water, 
with iced water, with acidulated water, or with weak brandy and 
water, sometimes gives considerable relief. Bouchardat recom- 
mends that the patient should be allowed to chew roasted coffee 
beans, and diabetics tell me that this is successful in relieving 
thirst to some extent. 

Large quantities of fluid should not be taken immediately 
after meals ; the chief potations should precede the meals. 

Mode of Life, Hygienic Consideraiions, etc. 

The mental condition, — In the section devoted to etiology 
it has been shown that not infrequently diabetes has followed 
some severe mental shock. It is also well known that the 
condition of a diabetic patient is often markedly affected by the 
mental state. Severe mental shock or nervous excitement is 
frequently followed by a decided advance of the symptoms, and 
sometimes by diabetic coma. 

Hence it is important to relieve the patients from mental 
anxieties and worry as much as possible. Everything should be 
done to cheer them and to make them forget their business, 
professional, or family cares and anxieties. This is especially 
desirable when the patients suffer, as is so frequently the case, 
from great mental depression. A change of climate or residence, 
the removal from old associations, in some cases retirement 
from business or professional duties, may all be of great service 
by their good eff*ect upon the mental condition of the patient. 
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Xo doubt a considernljle share of the good results of a^H 
to Carlsbad or Neuenahr may be accounted for by the cheerin? 
effect on the mind, produced by the abseuce from the woiTie 
and anxieties of daily Hfe. In fiict, a visit to any health resoK 
may be of Bervice, througli its beueliciiil effect on the uieuUl 
condition, pi-ovidlng the patient is suffering from a mild fom 
of the disease only, and that he ia not in an advanced stage, 
and that there is no likelihood of coma being brought on In 
the Journey. 

A few years ago we heard much of the supposed value d 
music in therapeutics. Of course, nothing bnt slight improre- 
ment conld ever be expected from the influence of music in mt 
disease. But when we consider the undoubted influence of tlw 
mental state on the eymptoms of diabetes, it would cert^nlr 
appear that the effects of music are wortliy of a trial, especinllT 
if the patient be suffering from much mental worry and anxielr. 
Many intelligent diabetic patients keep a sharp look-onl 
on the amount of sugar excreted daily, and are grealJj 
alanned if the number of grains increases even to a sli"hi 
extent. Hence it is better, wlien the patient sliows anv anxietr 
about the amount of sugar e.vcreted, to prevent him obtainiug 
detailed information on this point. The instructive case re- 
corded by Karl Grube is well worth bearing in mind. A patient, 
in whose urine a trifling amount of sugar had been discovered. 
was so alarmed on hearing thereof, that syniplom.s of acute 
Graves' disease developed, and rapidly proved fatal. Tlu's patient 
had lost a relative from diabetes, and at once concluded that the 
trace of sugar discovered in her own urine indicated an incurabk 
and severe disease. 

Mnrriitge. — Women who suffer from diabetes, especially in 
its more severe forms, ought not to marry, as pregnancy is 
dangerous. Abortion frequently occurs, and either confinement 
or abortion has an injurious effect 

Cases of diabetes in males are soniotimea met with, in which 
the symptoms have developed not long after marriage, and it 
is possible that sexual excess may have played some part ae 
an exciting cause. It is advisable that males suH'ering from 
diabetes (especially in the more severe forms) should not nutrry 
also all sexual excess should be avoided. 

Clothing.- — ^It is important that diabetic patients shonld lie 
well protected from cold, and that they should wear warm 
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clothing ; in winter, woollen clothing should be worn next to the 
skin. Camplin long ago pointed out that diabetics were worse 
in cold weather, and insisted on the importance of warm clothing. 

Action of the shin. — Warm baths followed by cutaneous 
friction are of service in promoting the action of the skin, 
especially if the latter be excessively dry, but cold plunges or sea 
l)aths ought not to be taken. 

Ex'Tcise, — Kiilz has shown that in dogs, by vigorous exercise 
the glycogen is made to disappear from the liver. He also 
made experiments on five diabetic patients in order to determine 
the efl'ect of exercise. He found that exercise diminished the 
sugar excretion in two powerful muscular patients, whilst in the 
other three cases (patients who were badly nourished) the sugar 
excretion was unchanged in two, increased in one. Zimmer 
found that in well-nourished patients exercise diminished the 
sugar excretion, but in patients suffering from a very severe 
form of the disease, much exercise was useless or even injurious. 
Seegen has obtained good results from moderate exercise in 
the open air ; and when the disease is not too advanced, he 
recommends the patient to spend the winter in a mild climate, 
such as that of the Eiviera, where exercise in the open air 
can be taken frequently. Schmitz refers to the cases of eight 
soldiers who suffered from diabetes, and whose urine contained 
from 1 to 4 per cent, of sugar; in each case the exercise of 
a manceuvre caused the sugar to disappear. Frerichs mentions 
the case of an English medical man, whose diabetic symptoms 
ceased when he took vigorous exercise in the country, hunting 
with his brother. He also mentions the case of a landlord, 
whose glycosuria disappeared through free exercise in the open 
air. Brunton has drawn attention to the value of exercise in 
the glycosuria of gouty persons. The value of exercise appears 
to vary, therefore, according to the form of the disease. We 
have already seen that the diet which is most suitable for mild 
forms of diabetes is unsuitable for severe forms, and in like 
manner a difference ought to be made with respect to the amount 
of exercise recommended in the two varieties of the disease. 

A considerable amount of exercise in the open air appears to 
be of great service in the mild forms of diabetes, when the 
patient's general condition is good, and especially in the case 
of obese or gouty patients ; but over-exertion or undue strain 
must be avoided. In other forms of diabetes only gentle 
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exercise chu be rocummeuded ; in severe cases it is especially 
important to avoid much exercise, siiice nny unusual etrain 
or vigorous muscular exercise would be liable to bring od 
diabetic coma. 

Mamujt is worthy of a more careful trial in dinbetee, 
especially when the palient is too stout, or too thin and weak, 
to take much exercise. In these cases it ia recommended 
by Liiuder Brunton, who (.loints out that the flow of blood 
through the muscles takes place three times as quickly under the 
influence of massage. Brunton and Tunniclilfe (^^) have also 
shown that the total blood pressure is diminished. Grube (*) 
has seen the best results from massage in cases of diabetes, 
associated with arterio-sclerosis, and iu such cases he thinks it is 
specially indicated on accouiit of its power of diminishing the 
blood pressure. Ealfe speaks favourably of nia&sage, both 
general and over the abdominal viscera ; he believes it improves 
assimilation and promotes metabolism; and when thorougblv 
carried out he has "seen it efiect a wonderful improvement 
in the patient's general condition." But the most ciirefnl obser- 
vations appear to have been made by Finkler eleven years 
agot*"). His results show that massage alone, without any 
restriction of diet or any medical treatment, is able to cause a 
great diminution in the sugar excretion and diabetic symptoms. 
Zander of Stockholm has employed regular Swedish gymnastics 
in the treatment of patients, and though no cure has been 
effected, considerable benelit is reported. 
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Treatment by Alkali Min'ekal Waters. 

The mineial waters of certain continental spas have a jFreat 
reputation in the treatment of diabetes niellitus, and every year 
these spas are visited by large numbers of diabetic patients from 
all parts oE Europe. The spas most frequented are Carlsbad 
Neuenahr, Vichy, Marieubad. The waters of Carlabad and 
Marienbad may be briefly described as alkaline sulphate water ■ 
those of Vichy and Neuenahr as alkaline bicarbonate watei-Si. 

As to the value of a visit to these spas, and as to the 
value of the waters, there is much difl'erence of opinion and 
the statements found in the writings of various authors are 
somewhat conflicting. Whilst some writers state that it would 
uch better and infinitely cheaper for patients to stjiy at 
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lionie and have the water sent to them, others attribute any 
good etfects to the visit to the spa and not to the waters. 
Whatever the explanation may be, there can be no doubt that a 
large number of diabetic patients are greatly benefited by a visit 
to Carlsbad and Neuenahr. Excluding the somewhat glowing 
statements of many of the resident practitioners, we find that 
many German and Austrian physicians, who have specially 
devoted their attention to the clinical study of diabetes, and 
who do not practise at any of these spas, testify as to the 
undoubted benefit which many diabetic patients derive from a 
visit to Carlsbad or Neuenahr. 

Thus Frerichs {^) of Berlin stated that he had no doubt 
that through the use of these waters the diabetic symptoms 
diminish markedly, and sometimes disappear temporarily. Of 
course no permanent cure is obtained ; but Frerichs stated that 
he had often observed that every trace of sugar had been absent 
for months, and then gradually returned. The beneficial influ- 
ence he had seen mostly after the first visit. Then gradually 
the good results diminished, and finally ceased. 

Minkowski (*^) of Strassburg states that in the milder forms 
of the disease, frequently the sugar disappears from the urine 
of patients at these spas, by the use of a less rigid diet than 
would be necessary at home ; that the patients bear a restricted 
diet better at the spas ; and that after returning home there is 
frec^uently a greater tolerance for carbohydrates. Naunyn {^) 
of Strassburg also bears similar testimony to the value of a visit 
to Carlsbad in cases of slight or moderate severity, but admits 
tliat in severe cases little benefit is derived. Seegen of Vienna 
also speaks very highly of the value of Carlsbad waters. 

Physicians such as Seegen and Kallay, who have had much 
experience of the treatment of diabetes both in Carlsbad 
and elsewhere, have obtained more successful results in 
Carlsbad. 

Mode of action. — There are other factors besides the drinking 
of the waters which tend to improve the condition of the 
diabetic patient during a visit to these spas. 

(1) The patient is removed from his usual routine of life, 
from the anxiety of business or professional cares ; he has com- 
plete rest of mind as a rule ; and he lives a quiet, peaceful, and 
regular life. It is well known, as has been pointed out on 
p. 365, that the disease is influenced by the mental condition. 
24 
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(2) He is in the ojien air a large portion of llie day. (3) Ht^ 
tiiicea suitable bodily exercise. (4) Hib diet is carefully regu- 
lated, more carefully, as a rule, than when ut home. (5) Further 
as Minkowski points out, the waters may act, not on the diabetic 
state, but on the pathological condition which is at the botUni 
of it, eucli as disease of the liver or pancreas. 

Many physicians and physiologists attribute the improve- 
ment in patients visiting Carlsbad and other spas entirtly U> 
the above meutioued factors, and not to the influence of the 
watei-s. Klilz, Riess, and Grieainger, Senator, and others 
have tried the effect of Carlsbad water on patients in hospititl 
and have not been able to detect any impi-oveinent by their 
use; also Carlsbad salts have not been of service to diabetic 
patienta at home. 

Eiess ("), from observations which he has made respectiiig 
the influence of Carlsbad waters, concludes that they are unable 
to diminish the sugar excretion, apart from a nitrogenous diet, 
in either slight or severe cases, and that in some cases they ire 
directly injurious. 

LeichteuBtern (**) states, however, that froni his own experi- 
ments he cannot agree with the conclusions of Itiess. 

On the other hand, Seegen(*'') asserts that he has obsen,'ed 
improvement in the mild furms of diabetes by the use of 
Carlsbad waters, even when drunk at a distance ; and in the 
case oE patients who cannot visit the continental spas, owing to 
the expense, or for other reasons, he advises that two or thrw 
times a year, for three or tour weeks, the patient should take & 
bottle of warmed Carlsbad water daily. 

Whilst there is, therefore, considerable clinical evidence thai 
mild cases of diabetes do derive benefit from a visit to Carlslnd 
and other spas, it is disputed how much of the benefit is to !« 
attributed to the waters, and how much to the altered conditiou 
of life and diet, etc. 

The paliinii that derive hencjll from a visit to these spas ut 
those who suffer from the milder form of the disease, especially 
the obese and gouty. The severe cases with wasting derive 
httle or no benefit, but such cases do nut derive mucb 
benefit from any kind of treatment. Also a long journey is often 
most injurious in the serious forms, and has frequently been the 
exciting cause of diabetic coma. It is well to remember this 
fact, and on no account to permit a patient suffering from 



TREA TMENT A T SPAS. 37 1 

scirrc or advanced diabetes to take a long journey to Carlsbad, or 
Neuenahr, or other distant spa. 

(Mrlshad. — The chief salt in the Carlsbad waters is sodium 
sulphate, but the following are also present in smaller quan- 
tities : sodium bicarbonate, sodium chloride, carbonate of calcium 
and magnesium, etc. Seegen (■*^), who has had great experience 
of the use of these waters, points out the following results which 
he has observed in mild cases : — 

1. Symptomatic improvement is soon obtained. The thirst 
and dryness of the mouth diminish, the urine becomes less, and 
therefore micturition during the night is less frequent, and the 
patient sleeps better and feels stronger. These results have 
been observed even when the sugar has not diminished. 

2. In the majority of cases there is a real diminution of the 
sugar excreted. This is most marked in the mild cases, but 
even in many of the severe forms of the disease a diminution of 
the sugar excretion occurs. 

3. In many cases there is an increase in the body weight ; 
but in tlie severe cases it remains the same. Seegen has 
observed a diminution of body weight only in slight cases with 
marked obesity. 

4. The simple symptomatic improvement, without sugar 
reduction, is never lasting, it disappears rapidly after the 
termination of the treatment with the Carlsbad waters ; but in 
the majority of the cases in which the sugar excretion is 
diminished this improvement is more or less permanent. 

5. Not infrequently, as a result of the Carlsbad treatment, 
a greater tolerance of carbohydrates is established. 

G. The improvement occurs without any regard to apparent 
cause ; it is noted when the symptoms point to a brain lesion, 
and also in cases in which there is a marked hereditary 
tendency. 

TndicafAons and contra-indicatioiis of Carhbad ivaters. — The 
milder forms of the disease, especially in the obese and gouty, 
are most benefited by a visit to Carlsbad. The waters are 
unsuitable for the severe forms accompanied by great weakness 
and wasting, and in such cases there is great danger of pro- 
ducing diabetic coma by a long railway journey to Carlsbad. 
According to some authorities, cases associated with nephritis 
are also unsuitable. Seegen has seen improvement in cases com- 
l)licated with tuberculosis. 
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Cnrlsbail salt-i, natural aud artificial, can be obtain) 
takeu at home very conveniently ; but, apart from their wsetct 
purgative action, it Las not lieeu shown definitely that they are 
of service in diabetes, 

Carlsbad is situated in a heautifid part of the north of 
Bohemia, and a visit may be made very enjoyable. But tic 
expenses are somewhat high, and the journey from £ug]aad is 
It long one. During the season, the little town is crowded with . 
patients from all parts of Europe, most of whom Bhow their ■ 
faith in the waters by the great regularity with which they 1 
follow out the treatment, and there can be no doubt that many 
patients Buttering from the milder forms of diabetes do return 
home much improved. After a recent visit to Carlsbad, I do 
not think that such improvement can be entirely attributed to 
the climate and the more favourable condition of life, ett 
Carlsbad is situated iu a valley, and is closely surrounded bf 
high hills. In summer the climate is frequently eo hot and 
relaxing, that most healthy persons aro glad to leave after a shon 
visit. Apart from the extra anioiuU of time spent in the open 
air. certainly there does not appear to be anything specially 
favourable iu the climate and conditions of life, and one £ao 
hardly help coming to the conclusion that the improvement in 
the patient's condition is partly due to the Carlsbad water*. 

Neitenahr. — The waters of this spa are warm, and have the 
great advantage of tasting pleasant. There can be no doubt 
that they are of great value in relieving thirst. The chief eohij 
constituent is bicjtrhouate of soda; they also contain a very 
small amouut of magnesium and calcium carbonate, sulphate of 
aoda, sodium chloride, minute quantities of oxide of iron, Gilicn. 
aluminia, potassium, and lithium salts; they contain, in addition, 
free carbonic acid. 

IwlicatioTiJi and conira-itulicatioTis. — K. Schuiitz (**), who 
practised at Neuenahr for many years, points out that tlie 
waters of Neueuahr are of service chiefly in cases of glycosuria 
complicating gout, the alkaline waters acting on the gouty 
condition, to which it is probable that the glycosuria is Becondarv- 
In other eases of diabetes they are also of service, and often 
good results are obtained even when a strict diet is not pre- 
scribed. Schmitz points that eontra-indications to treatment 
are considerable cardiac weakness, arterio - sclerosis with a 
tendency to hsmotrhages, which is not infrequently complicated 
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with glycosuria, and also great general weakness. He thinks 
that Carlsbad and Vichy waters, on account of the large amount 
of sulphate of soda contained in the former, and the large 
amount of alkaline bicarbonate in the latter, are less suitable 
than those of Neuenahr for weak patients. 

Neuenahr is a beautiful little village situated in the valley 
of the Ahr, to the west of the Rhine, not very far from Bonn. 
It is more accessible than Carlsbad to patients from England 
and the north of Europe. Apart from the influence of the 
waters, the mode of life and surroundings are eminently 
calculated to improve the general health. Tlie place is very 
quiet — for some patients it is too quiet; but diabetics whose 
illness has been brought on or aggravated by mental irritation 
and anxiety, will here be able to lead a regular life free from 
all excitement, in a healthy country village, with pleasant sur- 
roundings and good hygienic conditions. 

With military punctuality, the patients visit the Kurgarten, 
and drink the water two or three times a day ; and from the 
quantity which I saw drunk by the patients, during a visit to 
Neuenahr a few years ago, it was difficult to believe that such 
a large amount of bicarbonate of soda solution could be taken so 
regularly without some effect, either for good or evil. 

Vichy is much frequented by gouty and diabetic patients. 
The water contains chiefly bicarbonate of soda, in addition to 
smaller quantities of sodium chloride, calcium carbonate, 
bicarbonate of potash, carbonate of magnesium, and sulphate 
of soda. 

Vichy water may be taken at home (3 to 6 oz.), half an 
hour before each meal (Yeo). 

The evidence in favour of the waters of the other spas is 
even less decided. 

The arsenical waters of La Bourhoule (Puy de Dome, France) 
are said to be of service, and are recommended in the severe 
forms of diabetes. They can also be obtained at home, and a 
minute quantity of arseniate of sodium is their most important 
constituent ; they contain also free carbonic acid gas, chlorides 
of sodium, potassium, lithium, and magnesium, with bicarbonates 
of cidcium and sodium, and sulphate of eoda. 

Seoijen recommends the use of the arsenical mineral water 
of Iloneegus and Levico in the case of diabetes in children and 
young people. 
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Medical Teeatmest of Diabbtes. 

The drugs wliicli have been employed in the treatment oE 
diabetes nieliitus are almost too uiimerous to mention, but only 
a few have been proved to have any leal beneficial influence. 
Even in the cases in which the results have been most (avour- 
able, the action o£ the dniga has not been curative ; marked 
improvement only has been produced. Nevertheless, to be able 
to produce any improvement in the patient's condition by drug 
treatment is of great importance. 

When wc consider that diabetes is generally a chronic 
disease, that appai'entiy the symptoms are produced by an excess 
of sugar in the blood or by some toxic substance, and that the 
coma which so often terminates the disease is of the nature of 
an intoxication — in other words, that in diabetes there is a 
poisoning of the organism witli cliemical substances — treatment 
by drugs appears particularly suitable ; yet the recxirds of the 
past have been disappointing. Nevertheless it does not seem 
at all improbable tliat future research will lead to the discovery 
of some internal remedy of great service. 

The records of medical literature present the greatest 
discrepancies as to the value of the various drugs which have 
been used in the treatment of diabetes. A few drugs are 
acknowledged by -moit writers to be of service ; a large number 
are advocated by certain writers, but are stated to be useless by 
the majority of observers. 

It has been already pointed out that success in the dietetic 
treatment of diabetes depends lai^ely on the form of the disease, 
the age of the patient, etc., and this is equally true with respect 
to drug treatment. Too freiuently these points have not beeu 
considered in drawing conclusions as to the value of various 
drugs. Tlie records published in medical literature very 
often omit to state details as to the form and duration of 
the disease ; too often the results are those produced by re- 
stricted diet plus the drug; and it is then, of course, impossible 
to say how much of the improvement is due to diet, and how 
much to the drug, To prove whether a certain drug will or 
will not ture diabetes in any form and at any stage, is an easy 
matter ; there is generally no difficulty in obtaining negative 

lence ; but to prove whether this drug has or has not any 
beneficial influence is, as a rule, a most difficult task. Though 
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at first sight this might seem very simple, yet to anyone who 
takes the trouble to study the natural course of the disease, and 
the numerous sources of fallacy hi drawing a conclusion, it will 
1)0 evident how useless is most of the literature with respect to 
the drug treatment of diabetes. 

Tlie conclusions with respect to the action of many drugs 
are simply examples of the pod hoc 'propter hoc fallacy. A 
number of drugs are stated by certain writers to have produced 
marked improvement, whilst others state that they are useless 
or injurious. Now, in many cases the change in the patient's 
condition, or in the sugar excretion, has been purely accidental, 
and due to variation in tlie diet, to altered surroundings, to the 
course of the disease or other circumstances, and not to the 
action of the drug. 

It is importiint to remember, with respect to hospital 
patients, that there is generally a marked diminution of sugar 
excretion during the first three or four days after admission, 
even if no drugs be given and no special diet ordered. 

Hence, in making scientijic observations as to the action of 
any drug on hospital patients, it is necessary to wait until this 
efiuilibrium of sugar excretion has been produced before prescril»- 
ing the drug, and to exclude the sugar excretion of the first four 
days from consideration. 

Probably many of the discrepancies with regard to the 
action of various drugs may be owing to the fact that the 
observations have been made by some practitioners in mild 
forms or at early stages of the disease, and by others in 
severe forms or in late stages. Then again, it is probable that 
tlie })athological conditions at the foimdation of the disease are 
not always the same. In one case it may be that diabetes is 
due to some change in the nervous system ; in another, to a 
pancreas lesion, etc. If this be so, then these discrepancies in 
the results of treatment are only natural. 

Ilirschfeld (^'') states that in a number of careful observations 
he has found that most of the drugs hitherto recommended cause 
a temporary diminution of the sugar excretion, but this diminu- 
tion is not important, and seldom amounts to more than 25 per 
cent. Sometimes the diminution is followed by an increased 
excretion, and the same drugs which cause a diminution of the 
sugar in some patients cause an increase in others, whilst in a 
third group they have no influence. 
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The reforda ot the daily sugar excretion in a large number 
of diabetic persons, who have been patients at the Manclie-ster 
Hoyal Infirmary, bear out the above statements with respect to 
many of ihe drugs which have been employed in the treatment 
of the disease in that hospital These patients, however, have 
generally been suffering from the most severe form of the disease, 
often at an advanced stage. 

The following is a summary of the evidence with reference 
to the drugs which have been most frequently used in the treat- 
ment of diabetes. 

Opinm and its olknloith. — Opium has been long employed. 
Dobson, in a paper published in 1779, mentioned amongst the 
drugs used in the treatment of the disease, Dover's powder and 
tincture tliebaica. According to Dickinson, opium was first 
recommended in 1812 by Warren, who gave large doses of 
the drug with benefit. During the last fifty years it lias been 
extensively used ; and M'Gregor, Pavy, Seegen, Frericha, and 
numerous other writers speak of the great value of this drug 
and its alkaloids. Years ago, Pavy (*^) showed clearly how 
useful these drugs were iu diminishing the sugar excretion. 
"No one, of course, regards opium or its alkaloids as direct 
curative agents, except perhaps in the mildest form of the 
disease ; but the evidence in their favour is greater than that in 
favour of any other drug. Sometimes, in the milder form of 
t!ie disease, by this treatment, together with restricted diet, the 
glycosuria disappears temporarily, though diet ainiie is not 
surticieut to remove the sugar from the urine. But in most 
cases only a diminution of the symptoms is obtained. 

The cHects of opium and its alkaloids ai-e — 

1. To diminish thirst. 

2. To diminish the appetite. 
'■i. To reduce the quantity of urine. 

4. To diminish the amount of sugar excreted in the nrinaj 

5. Sometimes to increase the weight, and to improve I 
general condition of the patient. 

6. To iliuiinish nervous irritability. 
Owing to the diminished excretion of urine, produced by t 

drug, sleep is undisturbed by frequent micturition. 

In some cases, opium, like every other remedy, is useless ; 
but in other cases benefit is obtained, even when the diet is not 
restricted. It is important to remember, however, that often 
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large doses of tlie drugs are necessary to produce good results. 
Diabetic patients are very tolerant of opium or its alkaloids, 
and can take large quantities without narcotism or any bad 
eHects being produced ; after a time, often 2, 4, or 5 grs. of 
opium can be taken thrice daily. 

It is best to begin with half a grain of opium, or of the 
extract, three times a day, and then gradually to increase the 
([uantity ; or the compound soap pill of the pharmacopoeia 
(grs. 5 = 1 gr. of opium) may be given twice a day, and gradually 
increased. 

If the sugar can be removed from the urine completely by 
diet, it is, of course, not necessary to give opium ; but when diet 
alone is insufficient to do this, then opium or its alkaloids ought 
to be tried. 

Iwalfe (*^) has paid special attention to the treatment of 
diabetes by opium and its alkaloids. From his own observations 
l)e concludes that the most decided results are obtained when 
opium is administered by the mouth. With regard to the best 
time for administration — whether immediately before meals or 
during digestion — he has found that when taken about an hour 
after a meal it has a greater effect in restraining diuresis than 
when taken on an empty stomach ; that not much difference is 
(effected on the sugar secretion ; but that the dose taken shortly 
after food has the advantage of not deranging the stomach or 
causing (lysi)eptic symptoms. 

Ealfe prefers morphia to codeia, but states that the best 
results are obtained when some preparation of crude opium is 
added to either alkaloid. Thus liquor opii may be combined 
with acetate of morphia. Diabetic patients often exhibit 
individual peculiarities as regards the different preparations of 
opium. Kalfe mentions a case where codeine and morphine 
had to be given up on account of the headache and giddiness 
which they produced, whilst solid opium, in the form of com- 
]>()und soap pill, was taken without discomfort. In fixing the 
dose, it is important to remember that each patient has his own 
capacity for the drug. Ealfe thinks that as regards dose we err 
on the side of too much caution, and that as soon as the glycosuria 
(•oases to be controlled by diet, opium should be given in doses 
that sensibly affect the excretion of sugar, and should be 
increased, until either it entirely controls the glycosuria, or 
until no further reduction in the amount of sugar is obtained on 




increasing the dose. When this latter point is reached, then It 
in nnt wiEe to attempt to further increase the aiiioiiiit of opium. 
Ralte points out the danger of suddenly reducing the dose, 
especially when opium has been administered for some time, in 
advanced coses. After opium has been administered for a long 
period, its good effects cease. 

It is not known liow opium acts in diminishing the diabetic 
symptoms, Minkowaki thinks that perhaps it inhibits the 
formatitJU of sugar frum albumin. Sir William Roberts attributes 
the good inHuence of opium to its action in diminishing the 
appetite, and aa a consequence less sugar is excreted in the 
urine. Also, it may produce good eETecta by inducing sleep and 
allayiug painful sensations and irritability. 

The eflects of opium ought to be carefully watched, how- 
ever. It is liable to cause obstinate constipition and dyspeptic 
troubles, the tongue may become thickly coated, and the 
patient may suffer from epigastric pains. It ia sometimes 
necessary to discontinue its use ou account of these symptoms. 
In cases in which coma is threatening, it is well to avoid the 
use of opium. In these cases, aa a rule, there is coiistipatiun, 
which probably has some indirect connection with the develop- 
ment of coma, and by the use of opium the constipation is only 
made worse. Also, in ca.st;s complicated with nephritis, opiuta 
ehoulj be avoided or only given with caution. 

As regards the form of the opium preparation, Freriche, Sir 
William Roberta, Ralfe, Striimpell, and many others prefer erode 
opium ; Bruce, Osier, and many observers prefer morphia, whilst 
Pavy ia in favour of codeine. 

Morphhie. — Kratachmer C"), Mitchell Bruce ("), and otfans 
ha\'e clearly shown the value of morphine in reducing (be 
amount of sugar in the urine in cases of diabetes. Bruce found 
that it acted much better when given by the mouth, than when 
injected hypodermically. In two cases he compared the aotioa 
of acetate of morphine and phosphate of codeine, and found that 
the former was distinctly more powerful in reducing thft 
glycosuria. Morphine ia also much less expensive than codeine. 
In the cases reported by Bruce, the patient was put ou a rigid 
diet, BO that the results are due to the diet plus the drug. 

If morphine be employed, it is well to begin with a small 
dose, one-sixth of a grain three times a day, and gradually to 
increase the amount, In course of time, diabetic patients are 
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often able to take 1 gr. three times a day, or even larger doses, 
without any bad effects. 

Codc'uh'. — Pavy and other observers prefer codeine to opium 
or morphine ; but many think that it is inferior to both. 
Codeine should be given at first in small doses, half a grain 
three times a day, and gradually increased. In this way 4 
or 5 grs. are often taken three times a day, without any 
bad eflecls. The advantages of codeine over morphine and 
opium are, that it causes less constipation, that it is less liable 
to derange digestion, and that it does not cause so much drowsi- 
ness. But against these advantages it is stated by Lauder 
Brunton, Bruce, and others, that morphia is more powerful in 
diminishing the amount of sugar excreted. Pavy, however, 
thinks that it is quite as efficacious as opium or morphia. 

In a number of cases which have come under my observation, 
codeia has given fairly good results. 1 have obtained better 
results with opium or codeia than with any other drug. 

Narcotiwi and narcdne were found to be useless by Pavy. 

Alkfilu's have long been used in the treatment of diabetes, 
and numerous cases have been recorded in which such treatment 
has appeared to be of service. Pavy, writing in 1862, stated 
that an alkaline treatment was that which had perhaps received 
most favour. 

Witli reference to the alkaline treatment, it is interesting to 
note that the urine is generally markedly acid in diabetes, and 
that diabetic coma has been attributed to an intoxication with 
organic acids. 

Alkalies may be given in the form of the mineral waters, 
which have been already referred to, or they may be given as 
medicine in the usual w^ay. The salts which have been chiefly 
used are the bicarbonate, carbonate, or acetate of sodium, 
the biciirl>onate, carbonate, tartrate, citrate, or acetate of potash, 
carbonate of ammonia, and carbonate of lithium. Good effects 
can only be expected when very large doses are given. The 
sodium salts are to be preferred, owing to the toxic action of 
potash salts in large doses, and bicarbonate of soda is the salt 
which has been most employed. If the patient be gouty, the 
carbonate or citrate of lithium will be more suitable. The dose 
of bicarbonate of soda ought to be large. Richardiere {^') 
recommends (50 to 150 grs. in the twenty-four hours, but 
some writers recommend very much larger doses. 



I 



I 



THE TREATAfENT OF DIABETMS. 

In severe cnseB the alkaline treatment is useless. I tun 
never seen iniprovi^inent in this form of the disease which mull 
be fairly attributed to alkaline treatment, except lu oasee oi 
comnieucing coma (these casea will be refeiTed to later). In 
mild forms of the disease there is a conaidei-alile diCTerence {J 
opinion as to the value of alkalies. Some writers believe Uiat 
in these cases they liiive a distinct influence in climiiiiBhing tbf 
sugar excretion. 

Kichardiere has recently written strongly in favour of the 
alkaline treatment (sodium bicarbonate) in milil cnses. B« 
thinks it is better to give an alkaline course for two or thr« 
weeks every three or four months instead of continuous alkalin* 
treatment. He believes that alkalies act by altering the genenl 
nutrition. Among contra-indications of the so'iium tiicartxui&Ee 
tieatnient, he meuUons pulmonary tiihercutcisis, cachexia, oodui 
advanced stage of the disease. 

Lime, stils were employed long ago in the treatment of 
diabetes. Willis, writing in 1679, mentions a diabetic jatieot 
who recovered from the disease, and who was treated with lime- 
water, among other drugs. Quite recently, Karl Grube C*) lui 
pointed out the value of calcium salts. 

Hobin also recommends glycero-phosphates of lime tiui 
ina;j:nesium to be given with the meals, in order to countenct 
the great loss of the phosphates of magnesium and calcimn 
which occurs in diabetes (see p. 38G). 

Araenv: has frequently been given in diabetes during the last 
twenty years, and from time to time papers have been published 
drawing attention to its value. Experiments on animals hart 
shown that the administration of arseiitc, in sufliciout drjses and 
for an adequate time, will cause the glycogen to disiippenr fwoi 
tlie liver, and puncture of the lloor ot the fourth vertriclci* 
then no longer followed by diabetes. Hence there appears to be 
some theoretical evidence in favour of its use in diabetes ; but 
whilst a number of observa.tion3 have been publislied, recording 
improvement, a number have also been published showing 
negative results. Murray (**), a short time ago, drew attention 
to the value of arsenic. He believes that after the sugar h«s 
been reduced by diet and codeia, arsenic will often elTetit a cure. 
Murray's patients appear to have suffered from a mild form of 
the disease, however, Arsenic may be given in the form of 
liquor arsenicalis, und tbo dose gradually increased. Murray 
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reconinieiuls the doses to be increased until 10 minims of liquor 
arseniciilis are given three times a day. 

Frerichs has tried hypodermic injection of arsenic, but has 
found it useless. 

CUiium solution, arsenite of bromine, has been largely 
employed in the treatment of diabetes, in doses of o to 5 
minims once or twice a day after meals, but the evidence in its 
favour is not convincing. By many observers it has been 
found useless. 

A combination of lithium and sodium arseniate, dissolved 
in aerated water, has been much used in France, especially 
in gouty crises. Dujardin-Beaumetz recommends 5 grs. of 
lithium carbonate, and 2 minims of Fowler s solution of arsenic 
in a glass of Vichy or other alkaline water. But extensive trial 
by others has failed to produce much evidence in favour of thin 
treatment. 

I have given arsenic a fair trial both in severe and mild 
forms of the disease, and have seen it tried in numerous cases 
at the Manchester Eoyal Infirmary, but cannot say much in its 
favour. Probably it is useless in the severe forms of the disease, 
but in the milder forms it is worthy of trial, after a restricted 
diet and opium preparations have been employed. 

Jamhul. — The seeds of Syzygium jambolanum have been 
recommended for diminishing the sugar excretion in diabetes, 
and a few years ago the drug was pretty extensively tried, but 
recently it appears to have been little used. It may be 
administered in powders, cachets, pills, or as a liquid extract. 
The dose of the latter is given as a half to 2 drms. ; that of the 
powder, 5 to 30 gis. 

In numerous cases the use of the drug has not been followed 
by any good results. In experimental pancreatic diabetes, 
Minkowski found that its administration did not produce any 
effect on the sugar excretion. 

Lewaschew (^') states that, after giving a sufficient dose 
of 20-0 to 40-0 grms. daily (about 300 to 600 grs.), he has 
always found a decrease in the amount of urine and sugar, 
of the thirst and other diabetic symptoms. He thinks that 
the frequent failure of the drug is owing either to the dose 
being too small, or to the impure condition of the drug. 

In a case, under the care of Dr. Steell, which I had the 
opportunity of watching for a long time in the Manchester Royal 
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Infirmary, the sugar excrelioa dimiiiished iitarkedly under thenar 
of jambul, but the patient's general condition became gradmJl.f 
worse as the sugar diminished, and the ease terminated fatally. 

Antipyrin has been frequently employed iu the treatment >'( 
diabetes during the last seven years. Iu doses of 30 to 60 gn. 
daily, according to Dujardiii-Beaumetz (^). it diminielies ihf 
quantity of urine without increasing the percenta^ of sugar pw 
litre. Eobin (^*) also employs antipyrin in his " alternating' 
treatment, which will he sTibaequently described. If the ^dt- 
eosuria be not modified in a few days, it ia useless to ODDtictic 
the drug. The action of antipyrin is only temporary ; it oiighl 
not to he administered for a long period, as it is liable to gi« 
rise to digestive troubles and temporary albuminuriu, Mmt 
observers, liowever, have found antipyrin useless. I have founii 
it apparently of service in relieving the pains in the limbs in 
diahetea, but have not been able to detect rejil iniprovetnoii 
otherwise. 

The evidence in favour of antipyrin is not therefore v'erj 
conclusive. Still, it is one of the drugs which are worthy of a fair 
trial when diet and opium fail. 

Sudium salicylate has been recommended, especiallv by 
Ebstein ^), and during the last ten years numerous iostanccc 
of improvement, and diminution of sugar excretion under the nw 
of this drug have been reported, whilst many cases have aba 
been recorded in which it has appeared to be useless. 

Ebatein stiites that its influence is greatest in recent easel 
Often, however, as Fiirbringer ("') has shown, it has no inflaeoK 
on the glycosuria, but it reduces the nitrogenous excretion and 
in this way may be beneficial. 

Ebstein recommends large doses, 75 to 150 grs. in Ihe 
twenty-four hours. I have never given it or seen it giv^i is 
such lai^e doses, but in the usual doses, 10 to 20 grs. three 
times a day, 1 have not found any benefit in severe casfs. 
Patients sometimes prefer the drug to other remedies, howeru 
and state that they feel better when taking it. 

Brunton and Ralfe think it is useful chiefly in the glycosnm 
of gouty persons. 

It is important to remember that the urine of patienle 
taking sodium salicylate gives a purplish brown coloration 
with perehloride of iron, which is liable to he mistaken for 
Gerhardfa so-called diacetic reaction (see p. 181). 
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Salicylate of hismidh. — Schinitz (^-) of Neuenahr, who had 
great experience in the treatment of diabetes, has recorded 
four cases which show the vahie of salicylate of bismuth in 
causing the sugar to disappear from the urine in mild forms of 
the disease. He gives 5 decigrammes (about 7i grs.) twice 
a day in powder. It is the only drug from which he has 
ohtiiined marked results. I have given it a fair trial in a very 
mild form of diabetes, but without any good effect. 

Potassium bromide is thought to be of service by v. Noorden, 
Osier, Saundby, and other physicians, in cases in which there is 
great nervous irritability or excitement. Owing to the depress- 
ing action of the potassium salt, in many cases it would be 
better to give sodium bromide, 15 to 20 grs. well diluted, or 
lithium bromide in 5-gr. doses. The bromides may be given 
alone or in combination w^th opium, in the class of cases 
•mentioned. 

Uranium nitrate. — Leconte long ago (in 1857) discovered 
that by the prolonged administration of this substance glyco- 
suria was produced in animals. Hughes found that when given 
to diabetic patients the symptoms were diminished, but the drug 
does not appear to have had a fair trial, and its use was dis- 
continued until 1895, when West(^) recorded three cases, and 
referred to others in which uranium nitrate apparently caused a 
marked diminution of the sugar excretion. He commences the 
treatment with a small dose, 1 to 2 grs. freely diluted with 
water, twice a day after meals. He increases the amount at 
intervals of a few days until its effects are produced. When 
given in this way no digestive disturbances are produced, and no 
albundnuria occurs, and the dose may be increased in some 
cases up to 15 or 20 grs. three times a day. 

According to West, the effects of the drug are (1) to 
diminish thirst ; (2) to reduce the amount of urine ; (3) to reduce 
the percentage of sugar. He points out that in giving the drug 
it is well to discontinue it every three or four weeks, for a 
few days, and after that time to resume it. In 1896, West (*®) 
reported five other cases in which favourable results were 
obtained. He concludes that we have in uranium nitrate a drug 
of considerable value in diabetes, though it cannot be relied upon 
to produce equally good results in all cases indiscriminately. 

Quinine sulphates has often been given as a general tonic, but 
it has not been shown to have any other action. It is worthy of 
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careful trial when the Bymploma have followed lualaria, or when 
the pulieut Itas lived iu a lu&larinl district. 

loditlc of potamiim was carefully tried many years ago by 
DickinBoii ('"). He foutid that a reutarkuble diminution of the 
sugar excretion occurred when the drug caused loss of appetite 
and geueral depression, but when the apjietite was scarcely 
affected there was very little change iu iha excretion of sugar 
or urea. He therefore concludes that the diminution of the 
sugar excretion which is some times produced by potaseium 
iijdide " is not the result of any mitigation of the disease, but of 
loss of appetite and general depression of function." He " has 
never found the saccharine diminution thus cauGed ti> be per- 
manent, nor been able to trace to it any amelioration in the 
general condition of the patient," 

Anti-syphilitic treatment. — It has been already pointed out 
that a history of acquired syphilis is not common in diabetes. 
Certainly, in the greater proportion of cases, acquired syphilis 
is not the cause of the disease, but it is probable that in a 
few rare instances syphiha may produce diabetes or glycosuiia, 
either by giving rise to changes in the nervous system, by 
causing disease of the pancreas (see p. 1 1 3), or in some other 
way. Wfien, therefore, a history of syphilis is obtained, and 
when there are indications of a syphilitic affection of tlie 
nervous system or of other organs, anti-syphilitic treatment 
ought to be prescribed. Iodide of potassium may he given iu 
10 gr. doses with aromatic spirits of ammonia, and mercurial 
inunctions should also be employed. A few cases are on record 
of the mild forms of diabetes, accompanied by syphilitic lesion 
of the nervous system, iii which anti-syphihtic treatment 
caused great improvement. Feinburg C*) has reported such 
cases ; and v. Noordeii refers to twelve cases of diabetes preceded 
by syphilis, in two of which decided and permanent improve- 
ment was obtained by the use of mercury and potassium iodide; 
but in no case did complete recovery follow, v, Noorden (") 
ptiints out, however, that iu several cases fatal complications 
occurred during the mercurial course — in one case, gangrene 
of the foot ; in two, hiemoptysis and rapid progress of pulmonary 
tuberculosis. Hence the patient ought to be seen daily 
and carefully watched, as mercurial stomatitis and dysenteric 
intestinal catairh are very liable to develop. 

Iodoform has bteii strongly recommemled by Moleschott, 
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and a number of cases have been reported which have improved 
under the use of this drug. Frerichs confirms the favourable 
reports ; he has found a moderate temporary improvement. In 
mild cases the sugar disappeared, in severe cases it was di- 
minished, but no actual cure was obtained, and the improvement 
was not permanent. On the other hand, it has often been 
found useless. 

Oocygen inhalation has been highly spoken of, and in 
mild cases is said to have caused the sugar to disappear when 
the diet has been restricted, though diet alone and ordinary 
treatment have caused no improvement (®*^). 

Purdy (®*) recommends 3 to 5 gallons of oxygen to be 
inhaled twice daily, morning and afternoon, and has obtained 
" the best results " thereby — what the exact results were is 
not stated. 

Lactic acid has been highly recommended by Cantani (®®), 
but others have not found it of service. Cantani prescribed 
it in the form of lemonade; 5, 15, or 20 grms. of lactic acid 
are dissolved in 1 litre of water, and a little aromatic water, 
such as peppermint or anise, is added. The patient is allowed 
half a wine glassful of this mixture with \ grm. of bicarbonate 
of soda every hour, or every two hours. 

According to Cantani, pure lactic acid, given in water 
directly after a meal, aids the digestion of nitrogenous food, and 
enables the patient to take a rigid nitrogenous diet for a long 
period without the occurrence of the diarrhoea or gastro-intestinal 
disturbances which are so liable to be produced. 

Benzosol has been highly spoken of, and appears worthy of 
further trial 

Methylene blue, — Recently Marie and Le Goff (j^ ^^^ '2) have 
employed this substance in the treatment of three cases of 
diabete& In two of the cases there was a gradual diminution 
of the sugar, and an improvement in the general condition. 

Pilocarpine injections have apparently caused a diminution 
of urine and of the sugar excreted in some cases, but in other 
cases they have been found useless. 

Numerous other drugs, in addition to those referred to, have 
been recommended from time to time by various physicians, but 
the evidence in favour of their use has often been simply of the 
post hoc propter hoc kind, and, on careful trial by others, generally 
no good results have been obtained. Amongst the drugs of this 
25 
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cluss may be mentioned chloral, carbolic acid, sulphonal, tincture 
of iodine, phoapboric acid, benzoic acid, Bodium benzoate, salol, 
belladonna, phosphorus, strychnine, valerian. Calabar bean, picric 
acid, sodium phosphate, peroxide of hydrc^en, guaiacol, calciimi 
sulphide, creasote, camphor, nitro-glycerine, saltcin, eulpho-car- 
bolate of soda, cocaine, ouabain, eaunabia indica, ergot, etc, 

llobin ("^) has recommended an "alternating method" of 
treatment. ( 1 ) He first prescribes antipyrin in 1 5 gr, doses along 
with 7i gre. of bicarbonate of soda in the form of a powder, to 
be taken twice a day — one hour before breakfast and dinner. 
He also prescribea cod-liver oil, and orders the bowels to be kept 
regular by the use of saline aperients. (2) On the fourth or 
fifth day he changes the medicine, and prescribes about 6 grs. of 
quinine sulphate at the mid-day meal. Thia is taken for six dajrs, 
then discontinued for four days, and afterwards again taken for 
six days. Twice a day he also gives a cachet containing arseniate 
of soda, carbonate of lithium, and codeia. (3) After fifteen 
days the above treatment is discontinued, and valerian, opiuin, 
and belladonna are prescribed together in the form of a pUI, or 
potassium bromide is given. Cod-liver oil is discontinued, and 
the patient is allowed a wenk alkaline solution. To counteract 
the loss of phosphates of magnesium and calcium, he recommends 
the glycero- phosphates of liuie and magnesium in cachets at each 
meal 

If sugar is still present iji the urine, the course is commenced 
again, but, after the second course, diet only is trusted to. 

Robin has treated 100 cases by thia alternating method, in 
each of which the daily quantity of sugar excreted was 100 
grms. or more. In tweuty-four of these recovery has occurred, 
if. for six months at leasb after treatment there has been no 
reappearance of sugar in the urine. In twenty- five cases 
recovery is still doubtful. Sugar has disappeared under treat- 
ment, but has returned under the inBuenco of unsuitable diet, 
mental excitement, etc. In thirty-three cases there has been 
considerable and permanent improvement. In eighteen casee 
the results have been negative. 

Glycerine was recommended years ago by Schultzen, but it 
iias not been found of any service by others, 

Cod-liver oil is of service, especially in those cases in which 
the patient is wasted. Whilst it is often prescribed by some 
medical men, it is somewhat remarkable that its use has 
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not become more general in this class of cases. Lipaniu may 
be given in place of cod-liver oil to those who object to the 
taste of the latter. Peach kernel oil (free from priissic acid) 
may also be used. It can be made into a pleasant emulsion 
with eggs, sweetened with saccharine, and flavoured with cinna- 
mon. Petroleum emulsion is also worthy of a trial (see p. 338). 

Pancreatic emulsion, 1 to 3 drms. in a little water and 
spirits, may be given once or twice a day, one or two hours after 
food, in cases in which there is much wasting. 

Pepsin and rennet were fairly tried years ago, but were 
found to be useless by nearly all observers. 

The action of electricity has been tried in diabetes, but with- 
out success. 

Saccharine treatment — Many years ago, it was believed by 
Piorry and others that the symptoms of diabetes were due to 
the loss of sugar by the kidneys, and it was thought that 
possibly relief might be obtained by increasing the amount of 
sugar in the diet in order to compensate for the loss. This 
method of treatment received a fair trial, and was found by nearly 
all observers to be injurious. The theory on which this treat- 
ment is based is of course erroneous, still nothing is more to be 
desired in the treatment of diabetes than the discovery of some 
form of sugar or other carbohydrate which the organism is 
capable of utilising, and which may therefore be given in place 
of the carbohydrates of food. 

Laevulose and lactose in certain cases can be burnt up in 
the system, and may thus be used in moderation, in the diet of 
such diabetic patients, to replace the injurious carbohydrates 
(see p. 340). 

Zepine's glycolytic ferment. — Lepine (^*) has recorded the 
result of the treatment of four cases of diabetes mellitus wnth a 
glycolytic ferment prepared from the diastase of malt. In all 
four cases there was a distinct improvement. As regards the 
sugar excretion, in the first case, before treatment the mean 
quantity for the twenty-four hours was 140 grms., under the 
influence of the ferment it was 70 grms. ; in the second case the 
sugar was reduced from 41 to 11 grms. ; in the third case, from 
116 to 80 grms.; in the fourth case, from 257 to 124 grms., 
but later only to 163 grms. The ferment is not diuretic, it has 
no injurious effects, but the improvement is only temporary. 

Yeast is a very old remedy for diabetes, which was re- 
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cominemJed many years agff, but it has not met with any 
definite success. Eeceutly, I have seen a marked case with 
wasting in a young man, under tlie care of Dr. Steell, in which 
improvement occurred in the general condition when the usuiil 
opium treatment was discontinued and yeast taken. Tlie dose 
was two dessert-spoonfuls of fresh barm, mixed with water to 
such u consistency that it could be easily druuk. The improve- 
ment was not permanent, however, and he finally died of coma. 

I have heard of several other patients who have improved 
under the yeast treatment. The above dose can be readily 
taken, and is not particularly unpleasant. It is important to 
obtain fresh yeast, and to take only the frothy part ; any fluid 
settling to the bottom of the veEsel ought to be rejected. If 
the barm be not fresh, and if the fiuid part be taken, severe 
diaiThcea may result. 

Cassaet ("'^) a short time ago reported good results from the 
use of brewer's yeast. 

Tfcalmcnt bt/ pancreatic prepayations. — After the publication 
of the brilliant results of the experiments of Minkowski 
and V. Mering, de Dominicia, and others, on the relation of 
the pancreas to diabetes (see p. 73), it was only natural 
that those interested in the treatment of the disease should 
liave had the beet hopes that the knowledge acquired would 
be of great importance in therapeutics. The excellent result* 
which have attended the use of thyroid extract and other 
thyroid preparation in the treatment of myxosdema, led to 
the trial of various pancreatic preparations in diabetes. Un- 
fortunately the expectatioQS have not been realised, Id the 
first place, it was shown by the experiments of de Dominicis, 
Minkowski, Thiroloix, and others, that in the diabetes produced 
in dogs by the total extirpation of the pancreas, the sugar 
excretion in the urine was not diminished by injections ol 
pancreatic infusion, whether the injections were subcutaneous, 
intravenous, or intraperitoneal. Also by feeding the animal on 
pancreas no benefit was derived. 

Clinically, it has been found in most cases that pancreatic 
preparations have been quite useless ; in a few cases some 
improvement has followed their administration, but whether it 
has been really due to the pancreatic preparations or to some 
other cause, remains to be decided by future observations. 

Pancreatic juice has been given by Mansell Jones (J^) and H. 




PANCREATIC PREPARATIONS. 389 

Mackenzie ("), but there is no evidence that it caused any real 
improvement. Pancreatic extract has been tried with similar 
results by H. Mackenzie and P. Watson Williams (^®). 

Patients have been fed on raw pancreas, but the records 
published by Hale White (^®) do not furnish any conclusive 
evidence in favour of this treatment. Liquor pancreaticus has 
been injected subcutaneously by Hale White, but no real benefit 
has followed. 

Cerenville (^) has reported the results of the pancreatic 
treatment in five cases of diabetes. Four were fed on chopped 
sheep's pancreas in doses of 4 to 10 to 30 grms. daily. In three 
of these cases no improvement was detected ; in one there was 
slight temporary improvement. The fifth case was treated with 
pancreas extract, injected hypodermically, but no imprpvement 
followed. Lightly cooked calf's pancreas was given by Ausset (®\1 ; 
marked improvement followed, but only one case is recorded. 
Bormenn (^) has given pancreatic preparations per rectum ; the 
patient improved greatly, but again only one case is recorded. 
Various pancreatic preparations have been injected subcutaneously, 
and given in other ways, on the Continent, but, as a rule, without 
benefit. Experiments have shown that it is not the absence of 
pancreatic juice in the intestinal canal which causes diabetes in 
dogs after extirpation of the pancreas, hence it is not surprising 
that in most of the cases in which the pancreatic treatment has 
been tried clinically, the results have been negative. The 
prospects of success by injections of pancreatic extract appeared 
more promising theoretically, but clinical experience has shown 
them to be of no value. 

Minkowski, Hedon, and others have shown that a graft of 
pancreatic tissue under the skin of the abdominal wall is able 
to prevent the occurrence of diabetes in dogs, when the whole 
of the pancreas has been removed from the abdominal cavity 
(see p. 76). In 1893 I suggested the possibility of treating 
diabetes successfully by grafting a piece of the pancreas of 
one of the lower animals under the skin of the abdominal 
wall in pancreatic diabetes in man (^). About that time 
I was treating a case of diabetes in a young man, and I was 
strongly inclined to try the effect of grafting a piece of 
sheep's pancreas under the patient's skin. A surgical friend 
promised to perform the operation, but I hesitated to advise it, 
(1) because I could not be certain that the diabetes had a 



panciredtic origin in this ease, and (2) I was afraid tbat the 
operation miglit lead to dialietic coma. The patient improved 
somewhat ; he returned to his work, and after a few months 
discontinued all treatment, except that he avoided certain 
articles of diet. Eighteen mouths later he again came under 
my care, and finally died of asthenia and phthisifl. I obtained 
permission to make a pust-mortem examination at his home, and 
removed the pancreas. On examination, I found it normal 
macroscopicalJy and microscopically. 

Of course it is possible, but not probable, that a graft of 
pancreatic tissue under the skin might have been of service in 
this case, though no pathological changes were detected in the 
gland post-mortem; but when the pancreas is normal, the opera- 
tion does not seem to be indicated. 

The operation of graftmg pancreatic tissue in man has since 
been performed, however. Williams (**) of Bristol had pieces ot 
sheep's pancreas grafted under the sldn of the breast and 
abdomen in a ease of diabetes. Unforttniately, however, diabetic 
coma developed on the third day after the operation, and termin- 
ated fatally. 

The two difficulties with respect to the treatment by sub- 
cutaneous panci-eatic grafts are therefore (1) the absence ot 
deSnite clinical indications which wdl enable us to diaguose 
with certainty when diabetes is associated with pancreatic 
disease ; (2) the risk of producing diabetic coma by the operation. 

The grafting of pieces of ijancreas subcutaneoualy appears, 
however, to be the only form of pancreatic treatment from which 
success can be expected (judging from the results of experiments 
on animals); and it is possible that, in spite of the two diffi- 
culties above mentioned, the treatment may yet be found to be 
of service in certain selected cases of diabetes in man. 

Hepatic extract. — Gilbert and Carnot (*") have recently tried 
the effect of hepatic extract prepared from pig's liver, and given 
per rectum as an enema. The results varied somewhat, but 
these observers conclude that it caused a diminution of the 
excretion of glucose. 

The drugs, therapeutic agents, and methods of treatment 
which have been I'eferred to, are those which have been chiefly 
used, or which have been found to be of most service. Numerous 
others have been recommended, but it is quite impossible to 
mention all. Neither is it possible to give more ihiin a few 
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references to the various papers on the methods of treatment 
described. But since so many of these methods have not been 
attended with any benefit, the omission is scarcely to be regretted. 

In the treatment of diabetes, attention to diet is tlie most 
important point, especially the careful regulation of the diet 
according to the form of the disease and condition of the 
patient. Attention to the general hygienic conditions is also 
of importance. If the patient be wealthy, if he be suffering 
from a mild form of the disease, and if he be in a condition 
suitable for travelling, a visit to Carlsbad or Neuenahr may be 
attended with some benefit, whatever may be the exact cause 
of the improvement. But the greatest caution should be 
observed in recommending a visit to these spas, and the cases 
should be very carefully selected. 

As regards drugs, those which appear to be most deserving 
of trial are opium, codeia, morphia, arsenic, antipyrin, sodium 
salicylate, bismuth salicylate, jambul, uranium nitrate, cod-liver 
oiL Brewer's yeast also appears worthy of a trial. 

From a review of the treatment of diabetes, it will be 
evident that what is required to enable us to combat the disease 
successfully is either — 

1. Some new form of carbohydrate which diabetic patients 
can assimilate, and which can take the place of sugar and starch 
in the diet ; or 

2. Some internal remedy which will prevent the accumula- 
tion of sugar in the blood — a remedy which will enable the 
system to dispose of the carbohydrates in the normal manner. 

Treatment of Complications and Tkourlesome Symptoms. 

Thirst, — The relief of this troublesome symptom has been 
already considered on p. 36lJ. 

Carious teeth and injlammation of the guim. — For these 
common complications the use of a mouth wash several times 
a day will be found serviceable. A weak solution of boracic 
acid, or of borax in camphor water, may be used ; or the follow- 
ing may be prescribed as a mouth wash : — 

Be Borax, oij ; boric acid, "n ; potassium chlorate, oi ; camphor 
water, 3xx (Yeo). 

A 3 per cent, solution of sodium bicarbonate is also a useful 
mouth wash. The teeth and gums should be kept clean by 



the use of a tooth-brush ; but it is very important that i 
brush should not be too hard, or mischief may be d 

Ih/spepsia is to be treated on general principles. A mixture 
of alkalies and hydrocyanic acid may be prescribed. I have also 
found frequent dosea of bicarbonate of soda (10 gra.) in a 
tea8]joouful of milk, of service. Sir William Roberts states that, 
when cmving for food and a sense of eiuking at the epigastrium 
are troublesome, 2 or 3 grs. of asafoetida in a pill two or three 
times a day often gives relief. 

For gastric crises Grube recommends that the bowels should 
be kept regular, and an alcoholic extmct of pancreas taken after 
the three principal meals. 

Comtipaiix3n. — For this troublesome symptom, Carlsbad salts, 
given in a tumblerful of lukewarm water before breakfast, are of 
service. Artificiiil effervescing Carlsbad salts act quite as well, 
and are much more pleasant to take. Other purgatives, such as 
castor-oil, confection of senna, aloes, or Friedrichshall or Hnnyadi 
waters, may be employed. 

For flatulence aiul intestinal catarrh, a pill containing creasote 
or thymol is suitable. For diarrhea, salicylate of bismuth, 
8 grs. in fjowder twice a day has been found very useful. 

Phthisis ia such a common and serious complication, espe- 
cially in the severe forms of the disease, that it is most important 
that the diabetic patient should carefully avoid all risk of 
tubercular infection ; aud great attention should be piiid to the 
ventilation of the I'ooms in which be lives and to other hygienic 
conditions. If phthisis should arise, then residence in a mild 
climate is to be preferred rather than at a high altitude. A 
large quantity of fatty food is especially to be recommended ; 
and a small amount of alcohol should be given, in order to aid 
digestion. Creasote, cod-liver oil, and the usual drugs prescribed 
in phtliisis may also be employed. 

Itckinii of the skin. — Warm baths or frequent sponging with 
tepid water are of service in relieving this symptom. It ia 
important also to keep the bowels regular. Potassium iodide 
has been recommended internally. Seegcn thinks that potassium 
bromide is sometimea useful. When the symptom is very 
troublesome, the calcium chloride treatment recommended by 
Savill for general pruritus is worthy of trial — 

R Calcii chloridi, 20 to 40 grs.; tinct aurantii, 3i; 
chloroforrai, =i ; t.d.B. 
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Pruritus and eczema of the rulva. — It has been already 
mentioned on p. 223, that both these conditions arc due to the 
irritation of the saccharine urine, and often crusts containing 
fungus mycelia and spores are found on the external genital 
organs. To prevent the development of these troublesome 
symptoms, the patient ought to be advised to dry the external 
orifice of the urethra and surrounding parts with lint, or, 
better still, with absorbent wool, directly after each act of 
micturition. If eczema has actually developed, then the use 
of remedies which prevent the fermentation of sugar is found 
most beneficial. Boracic acid ointment is often of great service ; 
or the parts may be washed with a warm, freshly made, 
saturated solution of boracic acid, and, after careful drying, 
zinc ointment should be applied (Saundby). A lotion con- 
taining sodium hyposulphite, 1 oz. to 40 oz. of water, is 
also a favourable remedy. Lawson Tait recommends an oint- 
ment composed of 10 grs. of potassa sulphuraUi to 1 oz. of 
benzoated lard. He has obtained the best results from this 
ointment along with opium internally. 

Hebra's unguentum diachylum has been found useful in 
obstinate cases by Seegen. 

Eczema of the prejpnce, — To prevent this complication, the 
patient ought to dry the end of the penis after each act of 
micturition with lint or antiseptic wool. If eczema has actually 
developed, boracic acid ointment or boracic acid lotion may be 
employed. 

CystUis. — ^When this rare complication occurs, it may be 
treated in the usual way, by washing out the bladder with 
boracic acid solution (15 gi-s. to the oz.), or with a weak solution 
of sodium salicylate (30 grs. to the oz.), in each case the solution 
being made lukewarm by the addition of hot water before being 
used. Internally, sodium salicylate, salol, or boric acid may be 
given. 

Boils and carbtincles, — In addition to the attempt to remove 
sugar from the urine by the dietetic and usual medicinal treat- 
ment, moist compresses of lint, soaked in a mild antiseptic such 
as boracic acid, should be applied locally ; or an antiseptic poul- 
tice may be applied. The latter is made by adding 2 drms. of 
pure carbolic acid to 1 oz. of boiling water, and immediately 
afterwards stirring in linseed meal. Quinine in 3 gr. doses four 
times a day may be given internally. 
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Oiierative interference should be avoWed, if possible, ou 
account of the danger of exciting coma thereby; also, if 
chloroform be admiuistered, there in the danger of the narcosis 
itself, owing to the depresBing action ou the heart. Hence, 
ether narcosis is to be preferred, if an operation should be 
necessary. 

Ga-iignm. — The dietetic and medicinal treatment for diabetes 
ought always to be enforced. As regards the local treatment, 
Konig (^) and others point out that tlie chief indications are 
to make the gangi-euous parts dry and aseptic, if possible. All 
moist dressings are to be avoided. The parts are to be dressed 
with iodoform and wool, and access of air allowed. If celluUlia 
be present, free incisions should be made. Kbnig points out 
that amputation may be necessary in diabetic gangrene in two 
conditions — (1) when, in spite of energetic antiseptic treatment, 
the cellulitis increases, and f«ver continues ; (2) when the glyco- 
suria persists in spite of anti-diabetic treatment, and coma is 
threatening. 

Godlee (^) points out that, when diabetic gangrene is asso- 
ciated witli extensive atlieroma, the arterial changes will probably 
extend as high as the knee. In these cases, if the gangrene 
should be progressing rapidly, he advises amputation, but not 
lower than the knee ; when the gangrene is due to neuritis 
(see p. 226), he does not advise amputation, or, if amputation 
be performed, it should be below the knee. 

Corns.- — ^Uuless it is absolutely necessary, corns ought not to 
be cut, since any skin irritation or wound produced might lead 
to the formation of troublesome trophic ulcers, perforating 
ulcers, or to superficial gangrene. 

All optrativc treatment ehould, as a general rule, be avoided, 
or should only be performed when absolutely necessary, since 
wounds heal badly, gangrene is liable to occur, and there is 
the danger of the operation being followed by diabetic coma. 
Tlie operation for diabetic cataract is an exception to the above 
statement. 

For sleeplcssTiess, sulphonal, chloralamide, opium, etc., may be 
given. When there is much nervous excitement, potassium 
bromide is very useful. 

In the rare cases in which adema of the legs or other 
regions occurs, apart from the presence of any kidney com- 
plications, rest in bed is very aucccssfiil in removing the 
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anasarca. Internally, perchloride of iron may be prescribed 
(Dickinson). 

For the troublesome gnawing pains in the legs I have 
found antipyrin useful (10 grs. in 1 oz. or i oz. of peppermint 
water, three times a day). 

For neuralgia and sciatica the usual remedies may be 
employed. 

If diabetes is associated with very marked arterio-sclerosis, 
iodide of sodium should be given internally, and the bowels 
kept quite regular by frequent purgjitives. 

When nephritis (parenchymatous or interstitial) occurs as 
a complication, then a rigid nitrogenous anti-diabetic diet must 
not be prescribed. Only a medium quantity of nitrogenous 
food should be allowed ; milk in large quantities is indicated ; 
fatty food may be taken freely. All saccharine food must be 
avoided, but a limited amount of carbohydrate in the form of 
bread may be allowed. Ordinary drinking water and alkaline 
mineral waters may be taken freely. Opium, morphia, or codeia 
ought not to be prescribed. An alkaline treatment with 
potassium or sodium citrate appears the most suitabla The 
bowels should be kept freely open. 

Treatment of Diabetic Coma. 

The exciting causes of diabetic coma have already been pointed 
out (p. 272), and by bearing them in mind we obtain several 
hints as to the mode of life, etc., best calculated to prevent 
the onset of this complication. 

When the urine gives a marked reaction with perchloride 
of iron, especially if the patient be wasted, and under the age 
of thirty, there is a great risk of coma developing; and, as 
already pointed out on p. 273, in such cases the diet ought 
not to be too rigid. A sudden complete withdrawal of carbo- 
hydrates might lead to coma ; also a sudden change from a 
i*igid diet to an ordinary diet sometimes has the same effect. 
Hence any change in either direction ought to be gradual. 

The danger of a long railway journey and of over-exertion 
has been pointed out (see p. 273). 

Prolonged constipation ought also to be avoided, since it 
is probable that it acts as an exciting cause. 

When the earliest symptoms of diabetic coma have made 
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tlieir apjwarance, the patient should, of course, be confined to 
bed. It is advisable to increase the carlioliyd rates in the food 
if the diet has been rigid previously. Schmitz (**), Grube (**), 
and others have pointed out that Hometimes, in cases preseDting 
symptoms of early coma, an increase in the amount of carbo- 
hydrate food — by the addition of a moderate amount of white 
bread and a small quantity of potatoes to the diet^ — has been 
followed by the disappearance of these symptoms. The quantity of 
flesh meat, eggs, and other forma of nitrogenous food ought to 
be diminished. Fatty food is especially indicated, and cream in 
large quantities is the best article of diet. Milk may also be 
allowed in moderate quantities. 

A considerable amount of alcohol, given in small quantities 
at a time, is advisable, not only as a stimulant, but also as an 
aid to the digestion of fatty food. 

Hirschfeld (") recommends glycerine (100 to 150 grma.) daily, 
in black coffee, iu order to diminish the acetone formation. 

V. Noorden thinks that, when the patient has been taking 
large quantities of carbohydrates before the onset of coma, 
they ought to be diminished and replaced in part by albuminous 
and fatty food. 

If constipation is present, — and this is usually the case, — 
it is important to relieve the bowels, but drastic purgatives 
ought to be avoided (see p. 273). Mild purgatives and eueraata 
ai-e best. Schmitz prefers castor-oil; if this should prove 
useless, calomel or eompoiiud jalap powder may be given. 
Schmitz has recorded cases which appear to demonstrate the 
importance of the relief of constipation (by castor-oil) in the 
treatment of diabetic coma. In some of his cases, the early 
symptoms disappeared after the constipation had been relieved. 

Cardiac stimulants are indicated when the heart is failings 
they are of most service in the third form of diabetic cuma, which 
appears to be doe to degeneration of the cardiac muscle (see 
p. 281). Ether, ammonia, digitalis, and alcohol are useful in 
such cases. 

The patient ought to be allowed to drink large quantities 
of water, in order to wash out the tubules of the kidneys. 

The inhalation ot oxygen appears to be worthy of trial • 
and several cases have been reported in which it has apparently 
been of slight service. In one case it is stated that 
consciousness was restored by the inhalation of oxygen for 
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five minutes, and the patient lived for two months after- 
wards. 

It has already been pointed out that many observers are 
of opinion that diabetic coma is due to an acid intoxication, 
and to counteract the eflects thereof, alkalies have been often 
recommended. There appears to be some evidence in their 
favour, and as we know of no more satisfactory treatment, it is 
advisable to give alkalies a fair trial in all cases. The alkalies 
most suitable are the bicarbonate and citrate of soda and citrate 
of potash. Of these the sodium salts are to be preferred, since 
very large doses can be given without any risk of toxic eflects. 

In a case of diabetes of the most severe form, which was 
under my care twelve months ago, alkalies appciired to be 
of service. The patient was twenty-four years of age ; he 
was very much wasted; and the urine was loaded with sugar 
(3000 to 4200 grs. being excreted daily). Four months after the 
onset of his symptoms he rapidly became much weaker, the 
urine gave a dark brownish red coloration with perchloride of 
iron, and a small quantity of albumin was present. He began to 
8u£fer from nausea and vomiting, a deposit of exists appeared in 
the urine, he became drowsy, and the breathing became deep 
and laboured. The symptoms pointed to the onset of diabetic 
coma. I prescribed 30 grs. of bicarbonate of soda every 
three hours (to be taken in a little milk), and 100 grs. of 
citrate of potash three times a day. The nause<i and vomiting 
ceased, and the drowsiness passed away ; the casts disappeared 
from the urine ; the jxitient improved, and lived for one month 
after the disappearance of these early symptoms of diabetic coma. 

In a case which I had the opportunity of observing at the 
Manchester Infiimary under the care of Dr. Leech, large doses 
of citrate of potash were prescribed by Dr. Keynolds (^^), who 
was then resident medical officer, with the result that the 
early symptoms of coma, drowsiness, and dyspnoea passed away, 
and the patient lived for twelve months longer. 

Huchard (^) records a case in w^liich premonitory symptoms 
of diabetic coma had appeared, but after the administration 
of large doses of bicarbonate of soda (10 drms. daily) the 
symptoms disappeared. 

Cases similar to those just referred to have been recorded 
from time to time. It is impossible, of course, to definitely 
prove that fatal coma would have foUow^ed if the alkalies had 
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not been prescribed ; but such cases indicate the desirability of 
giving alkalies a trial. Unfortunately, however, the comatose 
symptoms usually advance to a fatal temiiuation in spite of 
eimilar alkaline treatment. 

Huebard recommends sodium bicarbonate (2 to 10 drme, 
daily), especially when hyperacidity of the stomach contents is 
present, v. Noorden recommends 90 to 120 grs. of sotlium 
bicarbonate daily, to be taken in one or two bottles of Vichy 
or Nenenahr mineral water. If there should not be any marked 
hyperacidity of the stomach contents, probably the formula given 
by Yeo is as satisfactory as auy — i drms. of sodium bicarbonate, 
2 drroB. of citric acid, 5 oz. of water flavoured with a little 
saccharine and essence of lemon. The whole of this mixture 
should be taken once or twice daily in frequent doses, 

Intravenous injections. — During the last ten years, intra- 
venous injections of alkaline fluids have been often recommended 
in diabetic coma, especially by those physicians who believe 
that the condition is due to the presence of an abnormal acid 
in the blood (acid intoxication). Others have recommended 
the injection of a solution of sodium chloride and phosphate, 
or even of sodium chloride alone. The treatment by intravenous 
injections has now had a fair trial, and from the records in 
meJical literature, and from what I have seen of the method at 
the Manchester Koyal Infirmary, I think there is evidence 
(1) that when properly performed, intravenous injections have 
often a decided beneficial effect; but (2) that tliese resultB are 
only temporary, and that the fatal termination is not prevented. 
After an intravenous injection the pulse often improves, the 
colour of the face is better, the slight cyanosis disappears, the 
coma is less, and the patient can be more readily roused. Often, 
when the patient is quite comatose and collapsed, and a speedily 
fiital termination has appeared imminent, an intravenous injection 
liaa caused decided improvement, and life has been prolonged 
for twenty-four hours, though the patient has not recovered 
consciousness. Occasionally a patient who has I)eeu quite 
unconscious before, has recovered consciousness after the 
injection, and remained conscious for several hours. But even 
in the most succes.sful cases, in the course of a few hours the 
coma again become* profound, and death occurs. Osler("*) states 
with respect to the lesults of intravenous injections, that "of 
seventeen cases collected l.iy Chadbourne, in only one was it 
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successful ; in seven there was tenqiorary improvuniont." It is 
not stated whether the coma disappeared ])t'rniaiu*iitly in the 
one case. I am not acquainted with the ivcord (»f any cast* in 
which there was permanent recovery from deep coma after 
intravenous injections. Nevertheless it may he sometimes very 
desirable, for various I'easons, that a return of eonsciuusness 
should be produced for a few hours, if possible, and in such 
cases intravenous injections are advisable. 

In one case which I have seen, the pitient had Iteeome 
quite unconscious, but after an intravenous injection of c> pints 
of 0*75 per cent solution of sodium chloride there was a 
distinct improvement in the pulse and general condition. The 
profound coma disappeared, and though the patient was in a 
drowsy condition she wtis able to answer questions intelligently for 
twelve hours, then she Ijecamci quite comatose, and deatfi occurred. 
In another case there was improvement in the jiulse and general 
condition, Imt no recovery of consciousness, after an intravenous 
injection of a similar salt solution. In a third case an injection 
of a solution of sodium carbonate, chloride, and phosphate was 
followed simply by slight improvement of the ])ulse. In a fourth 
case there was no improvement after an injection of salt solution. 
The solution injected consisted of 4 drnis. of sodium chloride 
dissolved in two pints of water. Tfiis is mixed with an equal 
quantity of warm water immediately before b(Mng injected. 

Fagge(^) records a case in which an intravenous injection of 
26 oz. of a solution of sodium iihos))hate and chloride, having 
a specific gravity of 1020, was followed by return of conscious- 
ness, but thirty-two hours later the i)ati(Mit again becunuj drowsy, 
and death occurred, v. Noorden i^f^') mentions a case in which 
very marked improvement followed the intra vt^nons injection of 
1 litre of an 0'6 per cent, sodium chloride solution (four times 
250 C.C., at intervals of three hours); the patient regained 
consciousness, and marked diuresis was produced. The improve- 
ment was only temporary, however. Dickinson has observed a 
return of consciousness after the intravenous injection of 45 G 
oz. of a solution of i)ot{iS8ium chloride, sodium carbonate, sodium 
phosphate, and sodium sulphate. 

The intravenous injection of a 3 per cent, sodium bicarbonate 
solution has also been used. Hesse (®^) has recorded a wise of 
diabetic coma in which decided improvement followed the intra- 
venous injection of a 4 per cent, solution of sodium carbonate. 
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The patient relapsed, however, into a atate of coma, but was 
again relieved by a second injection ; after twenty-four hours he 
became comatose and died. 

LiJpine (*") records the results of intravenous saline injections 
in a case of diabetic coma. The patient regained consciousneBS 
for several hours. Before the onset of coma the urine gave a 
marked reaction with perchloride of iron ; no albumin was pre- 
sent; 9 to 10 litres of urine were passed daily, and the amount 
of sugar was -iS to 55 grms. per litre. The first symptom of 
coma was deep respiration. Sodium bicarbonate (25 grms. in 
the twenty-four liours) was prescribed. Next day the patient felt 
much worse ; coma developed, and became complete. Tlie eyes 
were closed, the pupils very contracted ; the respiiBtions were 
28 per minute, and very deepi, The breath had the chanicteristie 
odour of acetone. The pidae was very feeble, and the pulse- 
beats 124 per minute. The temperature was subnormal. A 
solution was prepared, consisting of 7 grms. of chloride of 
sodium and 1 grms. of bicarbonate of soda, dissolved in 1 litre 
of sterilised water. Two litres of this solution, at a tempemture 
of 38" C, were injected into a vein of the arm in less than a 
i|uarter of an hour. Whilst the Huid was being injected the 
pulse became stronger, and the respiration less deep ; at last the 
patient opened his eyes, and asked to drink; 50 grms. of bicar- 
bonate of soda dissolved in water and wine were given to him 
in the course of a few hours. Four hours after the injection the 
patient still remained conscious. Tlie urine was very acid, pale, 
and scanty. Three hours afterwards the patient became uncon- 
scious. After- the coma had continued eight hours, death 
occurred. In the case recorded, the patient took altogether 
90 grms. of bicarbonate of soda by the mouth, and 20 grms. were 
given by intravenous injection. The urine remained very acid 
in spite of the great quantity of alkali introduced into the system. 
In another communication LepineC*} states that he has never 
known any case of diabetic coma recover. In order to have 
any prospect of success, he thinks that the injection of alkaline 
Huids ought to be made before the patient becomes comatose, 
that is, when the prodromal dyspncea firat appears. He records 
two cases in which early injections were made. The first case 
was that of a boy, st. 16, who suffered from a very severe form 
of diabetes. The urine gave an intense reaction with perchloride 
of iron. Large doses of bicarbonate of soda internally (30 
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grms. daily) pnxluceil no etfect. As the condition was becoming 
woi'se, 2 litres of a solution conttiining 7 grms. of sodium chloride 
and 10 grms. of bicarbonate of 8o<hi per litre, were injecteil aub- 
cutaneously — under the skhi of the abdomen. Tlie condition 
of the urine remained practically the siime; no improvement 
occurred; symptoms of commencing coma appeared, and the 
patient was removed from the hospital by his p-irents. The 
second case was that of a man, at. 37, who also sutlered from a 
severe form of the disease. Wliilst under treatment, aceto-acetic 
acid appeared in the urine, and the general etaidition became 
much worse. He bcaime restless, and a marked augmentation of 
the respiratory movements was noticed. An intravenous injec- 
tion of 2 litres of the above s()lutit>n was made. After tlie injection 
the quantity of urine increased slightly, and at least three times 
the quantity of acetone, aceto-acetic acid, and oxybutyric acid 
was excreted. Thus the injection caused abundant elimination 
of these toxic substances. Next day there was improvement 
of the general condition and dimhiution of tlie quantity of 
urine excreted. Twenty-nine days later the iMitient was 
shown at the Lyon Medical Society, the improvement having 
continued. 

The small ojjeration of intravenous injection can be easily 
performed, just in the same way as transfusion of salt solution 
in cases of haemorrhage, etc. All th(» apjiaratuH necessary is a 
funnel and piece of india-rubber tubing with clips and cannula. 
One of the veins in front of the elbow is exi)osed, and the 
cannula inserted. It is importjuit tliat the ihiid used should 
not be cold. The solution of sodium chloridt; or sodium 
bicarbonate is mixed with an ecjual quantity of warm water 
just before being transfused. Li'pine reconnnen<ls lliat the 
fluid injected should have a temperature of 08" C. The thiid 
is apt to become cold if kei)t for a long time in the funnel 
whilst the vein is being expo.sed. Ilenee it is better to expose 
the vein first, before jdacing the warm Ihiid in the funnel and 
tubing. In place of a funnel a vessel may be used which has 
a cover, the fluid llowing from the lower i)art. [For detidls 
respecting the operation <»f transfusion, see surgical works, 
and article by Jennings, 7////. ^ff(L Joirrn., London, February 8, 
189G.] 
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APPENDIX. 



In Chapter XIV. the dietetic treatment of- diabetes has been 
discussed, and the class of cases pointed out in which a rigid 
diet is contra-indicated. The following is a list of articles of diet 
and beverages, arranged in a tabular form, which ought to be 
sanctioned or forbidden, when for diagnostic or therapeutical 
purposes a very strict diet is desirable : — 

Articles of Food in Diabetes. 



Sanctioned. 

Butchers' meat of all kinds (except 
liver); potted and preserved meats. 

Ham, tongue, bacon. 

Poultry, game. 

Fisli (fresh, dried, and preserved) ; 
sardines, shrimps. 

Broths, animal soups, and jellies 
(prepared without the addition of 
saccharine or starchy materials). 

Eggs, cheese, cream. 

Butter, suet, oils, and fats. 

Custard (without sugar). 

Reliable bread substitutes (gluten 
bread, almond and aleuronat cakes). 

Green vegetal)les— mustard and cress, 
watercress, endive, lettuce, spinach, 
turnip-tops, cabbage, broccoli, Brus- 
sels sprouts, spring onions. 

Cucumber. 

Mushrooms. 

Pickles (cucumber, w^alnuts, and 
onions). 

Nuts (walnuts, almonds, filberts, hazel 
nuts, Brazil nuts), but not cliest- 
nuts. 



Forbidden. 

Sugar ; saccharine and farinaceous 

articles of food. 
Pastry and farinaceous puddings. 



Rice, sago, arrowroot, tapioca, maca- 
roni, vermicelli, semolina. 
Potatoes. 



Wheaten bread and biscuits. 

Carrots, turnips, parsnips, beetroot, 
beans, peas, large onions. 

Liver. 

Oysters, cockles, mussels, the " pud- 
dings" of crabs and lobsters. 
Honev. 

All sweet fruit and dried fruits. 
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IiEVERAGE.S. 

Sanctioneif. Forbiihfen, 

Water, fKxIa-\rater,an(l mineral wattTs I'nrt, Tokay, champagne, and sweet 

Ttra, coffee. wines. 

Dry sherry, claret, Burgundy, hock, Must, fruit juices and syrups. 

Moselle, Ahr wines, moi«t Khint* ■ Swcut lemonade. 

wines, Austrian and Hungarian ' Lii{ueur8. 

table wines (all in UKjderate ijuan- BetT, aU*, iH>rt«*r, and stout. 

tities, however). Rum and sweutened gin. 

Brandy in small quantitio^|. Corria and chtMolate. 

Milk in largt* quantities. 

The diabetic dietaries reeoiuiueiided bv most authors ajxret* 
generally with that just given, but the following are minor jwints 
of difference : — 

Sib William Roberts f) adds "tonifu'«r' broad and celvrv to tlie articles 
sanctioned. 

Pavy (*) sanctions also turnips, Fnmrli In-ans, t'aulitl«)wi*r, asparagus, and 
vegetidde marrow, but nnly in umdrrate (piautity, and wlion boiled in a 
large amount of water ; al^) radislics and ndiTV. 

Seegen (*) allows tlu! following in niudfrateciuantitifs : -Caulitlower, carrots, 
turnips, white cal»bage, green pi-as, Iwrrics (sui:h as strawberries, rasp- 
berries, currants) ; also r»ran<:es and almonds. But lie forbids other 
fruit**, such as gnipes, cherries, peaches, apricots, jihims, and all kinds of 
drietl fruits. 

In addition to the ariiclrs nuMiti'^icrl, v. Xoohdkn ("*) sanctions mussels, 
oysters, lobster, caul i Mower, >pina<li, on inns, leeks, asparagus, sorrel, 
French lieans. He al>o allows the fnllnwing (amongst other articles), 
but only in very limited <piantities : — Celery, green peas, beans, carrot^*, 
mushrooms, radishes, two medium-sized tt>matoe>, a thin slice of cocoanut, 
a thin slice of melon, one small aci<l ajjple, om^ or «)ne and a half j)each, 
one tablespoonful of wiM raspberries nr strawberries, four si)Oonfuls nf 
currants, six grecaigagos, twelve cherries, hall a medium-sized jx-ar. 

Cantani (*) prescribes a very rigid diet of nitr<^genous and fatty foods only. 
He allows — 
Bouillon of various kinds. 
Beef, tongue, veal, mutton (but liver is forbidden), duck, goose, 

chicken, ])igeon, and g:inio of all kinds. 
Fish, crusUicea, lobster, crabs. 
In the cooking and preparation of the above he forbids the use o( Hour 
sugar, wine, butter, vinegar, and lemon juice ; but he simctions the use 
of olive oil and fats, and recommends dilute acetic acid in place of 
inegar, and citric acid in place of lemon juice. 
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Cantani allows 600 to 600 grms. of nitrogenous food daily. In order to 
improve the digestion, and to increase the strength of emaciated patients, 
he recommends 60 to 200 grms. of pancreatic fat. The fresh pancreas of 
a cow, calf, or lamb is cut into small pieces, and mixed with pig's suet. 
After three hours it is lightly I'oasted. 

The beverages which he allows are ordinary drinking water, or seltzer 
water, with the addition of 10 to 30 grms. of rectified alcohol daily, and 
small quantities of aq. fd'nicul., aq. cinnam., aq. menth., etc. 

1. Roberts, Sir Wjir. . " On Urinary and Renal Diseases," London, 

1885, p. 289. 

2. Pavt, F. W. . . . ** A Treatise on Fowl and Dietetics," London, 

1874, p. 498. 

3. Sekgkn, J ** Der Diabetes Mellitus," Berlin, 1893, dritte 

itufl., S. 271. 

4. V. NoORDEN, C. . . •* Die Zuckerkrankheit," Berlin, 1895, S. 187. 

5. Cantani, A. . . . ** Specielle Pathol. Therap. der Stofifwechsel- 

krankheiten," "Der Diabetes Mellitus," 
aus dera Italienischen, von Dr. Hahu, 
BerUn, 1880; S. 426. 



INDUCES. 



INDEX OF SUBJECTS. 



tt 
ft 
tf 
ft 



PAOB 

Abscess, ischio-rectal .... 276 

„ of liver in diabetes . .117 

Aceto-acetic acid in urine . . . 179 

,f as cause of coma . 289 

Acetonseniia 189, 288 

Acetone in blood 189 

,, in breath .... 213 

„ in urine 181 

„ test for 182 

Acid intoxication .... 289 

Acromegaly and diabetes . .137 

Acuta diabetes 205 

„ infectious diKe&ses and diabetes . Ill 

Age of patients 95 

,, with reference to prognosis . .314 
Alimininnria . . . . 175, 218 
Alcohol, value of . . . . 339, 363 
Alcoholic beverages in dialx^tes . 363 

Alcoholism and diabtftt^s . .110 

Alearonat 355 

and cocoa-nut cakes and buns 356 
and Huet pudding . . . 360 

bread 355 

pancake .... 360 

Alimentary canal 202 

Alkali mineral waters .... 368 

Alkalies 379 

Alkaptonuria 11 

Almond cakes 352 

„ pudding 35^3 

Amblyopia 236 

America, diabetes in United States of . 101 
Ammonia excretion . .174 

Amylose group 5 

Anasarca 227 

Antipyrin 382 

Antisyphilitic treatment 384 

Appearance of patient . .162 

Appetite 203 

Arsenic 3^0 

Arterio-sclerosis 217 

,, relation to diabetes . 156 

Ascites 228 

Atrophy of optic disc .... 234 
Anto- intoxication, intestinal, in coma . 290 

Bacillus, tubercle 210 

Balanitis 224 

Beer-drinking and diabetes . .110 

Beverages 362 

Biscuits, aleuronat and cocoa-nut 356 

„ almond 352 

„ cocoa-nut and cream . . 354 



I 



PAOB 

Biscuits, inulin 360 

,, sova 351 

Bismuth salicylate .... 383 
,, tests for sugar ... 15 
Blood, arterial, injection into ()ortal 

vein 66 

corpuscles in diabetes, number of 186 
„ ,, staining of 197 

in diabetes .... 185 
fat in . . .188 
glycogen of . .188 
glycolytic ferment of 79, 189 
leucocytes of . . 188 
methylene blue, reaction 

of . 191 
,, ,, test for 

amount of sugar 195, 196 



If 



>» 

n 



j> 



}* 



Boils 



reaction of 

re<l corpuscles in 

s])ecitic gravity of 

sugar in 

staining 

test for 

water of 
sugar in norm'al 
,, diabetic 

,, pancreatic diabetes 
,, phloridzin diabetes 



II 

II 
II 
•I 
II 
II 



II 



186 

186 

186 

190 

197 

191 

186 

54 

190 

81 

71 

225 

Biittger's test 15 

JiourboxiUf Im 373 

Bowels, condition of . . 204 

Bniin complications .... 241 

,, in dialwtes 125 

Bran cake 350 

Bread and its substitutes . . . 347 

aleuronat 355 

gluten 349 

pea-nut 361 

,, soya 351 

.. torrified 347 

Breath 213 

Bromide of potassium .... 383 

Bronzed diabetes 308 

Butter 337 

Cancer of pancreas .... 145 

Caue sugar 33 

Carbohydrates .... 5, 3^39 

Carbonic acid formation in tissues . 302 

Carbuncles 225 

Cardiac failure 287 

Carlsbad 370 






412 



INDEX OF SUBJECTS. 











PAOB 




TAGK 


Casts in urine 






177 


Face, appearance of 


163 


,, ,, in coma . 








286 


Fat embolism 


287 


Cataract .... 








230 


„ in blood 


188 


Cerebellar cyst 








134 


Fatty food 


337 


Cerebellum, changes in 








129 


Fehliug's solution .... 


9 


„ injury of . 








65 


„ , , Haines' modification . 


14 


Cerebrum, changes in . 








129 


,. ,, Pavy's modification . 


15 


Cheese 








338 


,, ,, quantitative estima- 




Chemical note 








4 


tion of sugar by . 


41 


Children, diabetes in . 








97 


y 1 VcS b • • • • • 


8 


Climate .... 








101 


,, ,, after fermentation . 


14 


Climacteric diabetes 








115 


,, ,, after filtration through 
charcoal (Seegen's modi- 




Clothing .... 








366 




Cocoa-nut .... 








354 


fication) 


12 


Codeine .... 








379 


,, ,, in the cold 


11 


Cod-liver oil . 








386 


„ ,, Worm-Miiller's modifica- 




Coeliac plexus, extirpation of 








68 


tion .... 


12 


Cold and wet, as cause of diabetes 






112 


Fermentation in bladder 


173 


,, fluids, drinking of 








112 


,, test for sugar in the 




Collapse, diabetic . 








•281 


urine 


19 


Coma, diabetic 








270 


,, ,, quantitative esti- 




,, ,, diagnosis of . 








292 


mation of sugar 




,, ,, exciting causes 








272 


in the urine . 


:39 


> ' j» > > ' 


malysis 




Food as a cause 


113 




of cases 


274 


,, animal 


:|:30 


., forms of 


• 


• 


281 


,, carbohydrate 


:3:39 


,, pathology of . 


• 


• 


287 


,, fatty 


:i:37 


,, ,, prognosis 


• 


• 


295 


,, nitrogenous 


:3:30 


,, ,, symptomatolog>' . 


• 


276 


,, vegetable 


:«9 


,, „ ,, analysis 


iOf 




Fonns of diabetes .... 


:{05 




cases 


• 


282 


Fourth ventricle, changes in 


127 


,, treatment of 


• 


• 


395 


,, puncture of 


63 


Complications, treatment of 


« 


• 


391 


Fruit 


:)42 


Constipation 


• 


• 


204 


« 




Course 


• 


■ 


310 


Gangrene 


225 


Cream ..... 


330, 


335, 


337 


Gastric catarrh 


•i04 


Cystitis .... 


• 


• 


222 


J J CriS6i3 • • • • • 

,, juice 


•204 
204 


Dfrinitiou of diabetes . 


• 


, 


1 


,, ulcer 


•201 


Derivation of name "diabetes 


• 


, 


2 


Geograj)hical distribution 


97 


Ditibctc broiiU 


• 


« 


308 


Gerhardt's reaction in urine . 


179 


., gr(is. 


• 


^ 


306 


Glucoses ...... 


5 


,, mai(ire 


• 


• 


305 


Gluten bread 


:i.M 


Diabetes insipidus, relation to diabetes 




Glycogen 


52 


mellitus 




115 


,312 


,, in urine 


173 


Diacetic acid 






179 


Glycogenic functions of liver 


52 


,, as cause of coma 






289 


Glycolytic ferment .... 


79 


Diai^iosis .... 






315 


Glycosuria, alimentary 


.S5 


Diarrho'a .... 






20.^» 


,, clinical .... 


91 


Diet, articles of . 






330 


., experimental 


tv3 


Dietetic treatment 






324 


,, produced by poisons . 


Si» 


Digestive system . 






202 


,, imerperal .... 


.^s 


Disaccharicles 






5 


,, symptomatic . . I'l 


, :30^ 


Duration .... 






313 


Glycuronic acid 

Gout 


10 


Ears, the .... 






2:38 


Grape sugar in urine .... 


,'» 


Eczema .... 






223 


,, detection of smidl quanti- 




Eggs 






:^M 


ties of . 


35 


Emaciation .... 


162, 


163 


, 305 


,, quantitative estimation of 


:i9 


Eiidogenoiis dialjetes 






158 


Gums 


202 


Epilepsy and diabetes . 






240 






Erythema .... 






2-2:3 


Hamiorrhages, retinal .... 


2:32 


Etiology .... 






95 


,, vitreous 


234 


,, of a hundred cases . 






158 


., in medulla . . 13ij 


, i:36 


Exciting causes 






95 


Haines' fluid 


14 


Exercise .... 






367 


Head injuries . . .107 


, lOS 


Exophthalmic goitre 


'8? 


',92 


, 132 


Heart aflectious 


214 


Experimental diabetes . 


• 




62 


Hepatic extract ..... 


390 


Eyes, the .... 




• 




229 


Heredity 


104 



IXDEX OF SUBJECTS, 



413 



Historical note .... 
Hoppe-Seyler*!} test 

Iceland moAs .... 
InereftM of diabetes 
India, diabetes in . 
Indtgo-caroiine teAt 
Infection, possibility of 
Infectious duMfastrs oh a caust* 
Influenza as a cause 
Injections^ intravvuous, in coniu . 
Ix^ur}', external .... 
Inorganic MaltH in urine 
Insanity and (Iial>et«*y« . 
Intestinal auto-intoxication in coma 
IntestincH, coinlition of 

lualin 

lodofonii 



PAflK 

17 

. 361 
. 102 
91» 
10 
. 105 
. Ill 
. Ill 
. :31»S 
. 107 
. 17.") 

. 35*4 



Janibul 

JoliUKOu's test for sugiir 



It 



Keuhir 

Kiiiueyiti affections of . 

fatty degeneration 

{glycogen i(t .. 

hyaline ,, 

niicnKjcopicai chani^t'^ in 

uecro»iij{ of epithelium . 

Knee-jerk.i 

Konuiii^H 

Kiissniaul'tf coma .... 

Lactic aciil 

Lactose 

Lcevulose 

Lepine'ti malt fennent . 

Licheuin 

Lightning Ktroke as a cause . 

Lime salts 

Lip«Dniia 

Liver, aliscesses of . . . 
,, and Ru^ou* formation . 
., condition during litV . 

diseases and diubcto . 

glycogen in ... 

in diabi-tf 8 .... 
Lungs 

tuberculosis of . 



I? 



II 



. 15 

. .'j:U'. 

. -217 
221 

! 221 

. 220 

. 220 

. 220 

. 2r.o 

. :<^i5 

. 2MJ 

. 3:{ 

. as7 

. ;;}() 

. 112 

. :{sO 

. l.^s 

. 117 

■".•• rw 

. 2<Mi 

. lUi 

. 120 

. Ill* 

. 2<i7 

. 207 



»» 
»i 



Malaria as cause 

Management of a cvlsv .... 

3Iarriago 

Mas!»age 

Medulla, changes in . . 127, 

niicrof(co]iii:al i-han'.;c'.<» in l^iO, 
section of ... . 

. 2:!1», 
100, 121, 
Methylene blue in tre.-itnient 

te>t for sii«:;ir in the 
urino. 
fliabetic blooil 
estiniution of 
sujiar in 
Mood llC), 
in <li:i;4no.>is of 
ooiiia . 2t».'., 



Mental condition . 

„ emoti(»n as :i c-hum? 



:» 



»» 



«♦ 



Milk 



112 
a21 

yo»> 

i.*« I 
1:31 , 

12.'. 

IH , 

in I 



196 

2fM 
;j31 



PADK 

Milk sugar 32 

Monos:u:eharide> 5 

Mo«ire's test 7 

M orbid anatomy. Sec I'afhfftujirn/ . 1 imtnm}/. 

Morphine 3^8 

-Mortality fn»ni diaU'tes ... 97 

.MuMer'fi test 16 

MuM-lf glyi'<)gen 53 

Musruhir ehanges and diabetrn . .'t03 

Ni'phritis 220, 312 

Nerves, ])eripheral, atVeitioiis of . . 2r»0 
NtTvous diseu'^s lusso-.riiited with dia- 
betes l.*J2 

., system in diabetes . . 2.*W» 

changes in . . . 125 
,, ., diseases of, and dia- 

\>eUs . . 121, 13!) 

Neuenahr 372 

Neuralgia 2r»0 

Neuritis, {)eripheral .... 25l> 

Nuts 313 

Nylauder's test 15 

Obesity 109 

(h^lema 227 

Oliver's test 16 

Onset 164 

Opium 376 

oj it ie disc, atrophy ol .... 234 

Orthonitro-phcnylproiuolii: ai'id test . 17 

Oxuhite of lime in sputum . . 214 

., „ urine . . 175 

Oxybutyric acitl in urine . . . 1S5 

Oxygen 3vS5, 3S'6 

Pancreas, condition of, in a series of 

conset'utive autopsies l.Vi 

extirpation of . . .74 
,. lesions of, and diulx'tes . 140 

,, ,, fre(]ueniy and 

nature of . .1 U 

,, symptoms of lesion of . . 207 

., tninsplantatiou of pieces ol . 76 

Tancreiitic dial>t:tes, experimental . 73 

., ilisease, condition (»f urine in 1515 

emuNion .... 3.S7 

graft in treatment . . 380 

,. ifsions in dial)etcs, cases of 112 

ju'eparations in treatment . M^S 

Pateila-t^Midou rellex .... 250 

I'alliogcnesis 21»8 

Patholoj^'iial anatomy .... 2t»7 

,, clian^o in blooil . . 2S5 

., ,, brain . . 125 

., ., heart . . 2U 

,. ., ., intestines . 206 

,, ,, kidneys . .219 

.. liver . 116, 119 

,, .. ,. lungs . . 207 

,, j)ancrcas. . 141 

,, ., ,, .spinal cord 129,212 

,, ,, ,, stomach . . 205 

Pavy's solution 42 

Pentose 5, :53, 341 

IVpsin .'iS7 

Pen hloride of iron reaction . 179 

Peril "rating ulcer 22t) 

Perii'hcral neuritis .... 259 



414 



INDEX OF SUBJECTS. 







PAOK 








PAOS 


Phenylhydrazin test . 


. 23 


Social position 




• 


104 


„ simple method 




25 


Soyabean .... 




• 


351 


Phloridzin diabetes 




. 70 


Spinal cord, division of 




« 


65 


Pliosphatic diabetes 
Phthisis .... 




. 310 


,, lesions of . 




12^ 


>, 243 




207 


Stomach, condition of . 




• 


1206 


Physiological cousiderations 




51 


Sugar excretion and exercise 




• 


171 


Picric acid test 




15 


,, ,, „ food 




• 


171 


Pigmentation of akin in diabetes 




. 308 


,, ,, diminished by inter- 




Pueiimaturia 




173 


current affections 


• 


172 


Pneumonia, acute croupous . 




213 


„ in blood. See Bloody S\ 


ifjar 


in. 




,, broncho- . 




213 


„ „ normal urine . 






46 


chronic 




212 


„ ,, urine 






170 


PotAssium iodide . 




384 


„ intravenous injection of 






56 


Potatoes .... 




344 


„ tests .... 






7 


Pregnancy and diabetes 




114 


Sympathetic nerve division of 






65 


Prognosis .... 




313 


, , nerves and ganglia 


, changes 




Prophylaxis .... 




320 


in. 






131 


Pruritus .... 




223 


Symptomatology . 






163 


Pulse 




217 


Synonyms .... 






2 






Syphilis .... 






113 


Quantitative esitiniation of sugar in urine 39 










>) >) }i 


bvFeh- 
ling's 


Teeth 






202 




Temperature 


202, 


Ta 


,284 




solu- 


Termination .... 






310 




tion . 41 


Testa for sugar in the urine . 






7 


>> » >} 


by fer- 


Thirst 






203 




menta- 


,, relief of 






364 




tion . 39 


Tongue .... 






203 


>> >> i» 


byGer- 


Treatment .... 






320 




rard's 


,, by medicines 






374 




cyano- 


,, dietetic 






324 




cupric 


,, general principles 






323 




method 44 


Trommer's test . 






8 


>» )i )) 


by Pavy's 


Tuberculosis of intestines . 




-m 


,210 




solu- 


„ „ lungs . 






207 




tion . 4? 










j» n >> 


by pic- 


Ulcer, perforating 






226 




ric acid 45 


Uneniia .... 






288 


?' n j> 


by pola- 


,, differential diagnosis 






293 




rimeter 46 


Uranium nitrate . 






383 


n i" 


the 


Urea excretion 






173 


blood 


Uric acid .... 






174 




191, 19.') 


Urine, the .... 






166 


Quinine 


. 383 


,, colour of . 






168 






,, odour of . 






169 


Racial inlluence .... 


. 99 


,, quantity of 






166 


Rarity of diabetes 


. 97 


,, reaction of. 






169 


Reaction of blood .... 


. 186 


,, specific gravity of 






169 


,, ,, urine .... 


. 169 


,, sugar in the 






169 


Reduction tests for sugar 


8 


,, taste of . 






169 


Re Hexes 


2,50, 258 










Retinal changes .... 


. 23 


Vagus nerve, irritation of 






66 


R<)1>in's alternating treatment 


. 386 


,, lesions of 






130 


Rubuer's test .... 


16 


Vasomotor changes 






227 






,, jtaralysis, in causation 


of 




Saccharin 


. 342 


diabetes . 


. 




67 


Saccliarine treatment . 


. 387 


Vegetuble foo<ls . 


• 




343 


Saccharoses ..... 


5 


Vichy 


• 




373 


Saffranin test .... 


. 18 


Villi, intestinal . 


. 6 


, 67, 


301 


Salicylate of bismuth . 


. 383 










,, ,, sodium 


. 382 


Wasting. See Emaciation. 


162, 


305, 


163 


Saliva 


. 202 


Waters, mineral . 


. 


• 


368 


Sex in diabetes .... 


. 95 


Weight, loss of . . . 


162, 


163, 


305 


Sexual excess .... 


. 115 


Wines 


. 


• 


364 


., functions .... 


. 237 


Wrist-jerk .... 


• 


• 


258 


Skin 


. 222 










,, action of .... 


. 367 


Xanthouia .... 


, 


• 


228 


,, itching of .... 


. 223 
















Yeast in treatment 


, 


• 


387 



INDEX OF AUTHORS. 





f 








I'AiiK 


AMehoff . 


7'> , 


< 'hiiuvr.iu . 


SI 


Allen 


. 18.41 


fhuvstfk . 


87 


Althans . 


2«5:J 


C"«»i)ii.'ij 


70 


Aivtaeiu 


•J ! 


C'ullfii 


4 


Anuaisni . 


'. '. '. tJ) ; 






ArthAvd . 


. •;■;. 7!» ! 


Devil- 


212. 291 


Aithiu 


MJ 


hirkiiisou . 


101, 123, 130, 3S 1,399 


Ashdown . 


. . . 10 ! 


l)«)l)Mm 


• • • •! 


A*her 


los 


iKiiiiiiiioU, <le 


1 1 


Auch« 


•J'-.l 


]>tiiikin 


3:J2 


Anerbach 


•j:.i 


Du'st.hfi'M 


181,211,212,213,215, 


AUKMt 


.>'j 




240. 27(», 271. 272, 277, 
2JS1, 2N2, 2S7. 2\S, 289 


fieyer 
Buhl! 


17 


Diijanliu-K-HUiiiotz . 


3.V2 


M 


iMiii'Hii, Matthews . 


»S, 114, 3S2 


HmtoI 


71» 






Bumel 


7-J 


KK^triu . 


98, 108. 220, 240, 273, 


Benuurd, Clamle 


. r.1,51, «>:{ 




3«/2, 329, 338, 3:):., 3S2 




1-Jti 


FVkluinl . 


('»') 


Bettuann . 


i:;j 


Klirli.h . 


• ■ 


120, 221 


Biedl 


:.»> 


Ki.l.lior-t . 


• 


2.*.! 


Binet ' 


. Jrt, 17 


Kinliorii 


m i 


22 


Blott 


s-^ 








Bliimenthal 


:.') 


Fau'i;*' 


■ • 


399 


Blyth 


.'uj:. 


Frilling 


■ 


8 


Bohland . 


:ui 


FriiilH.Tj; . 


• 


113 


Bond 


'.»•-' 


FichtiMT . 


. 


221 


BoTmenn 


:)s[) 


FiM-lhT, K. 


• 


', "23 


Bofle . 


w 


Fi«M'h»-r 




107 


Boochanl . 


'J.Vi 


' Finklrr . 


■ • 


172, 3<58 


Bouchardat 


:M1» 


FloiiKT 


, 


ir.7 


Brault 


IW 


FliirkigiT . 


. 


27 


Brvtuer 


1H7, l'.»x 


F*o>tor, M. 




53 


Bruce 


•_'•>;'», y7S 


Frjwr 


• 1 


265 


Briicke 


47 


Frcrii:lis . .s:>. IH), 


116, 117,221. 130,202, 


BranA 


2«;i 




200, 210, 221, 238, 369 


Brunton, Lander 


:M4, a07, ;i68, .'iS-i 


FiirbringLT 


21 1, 22-.^ 


Bunge 


•2in). :^(KJ 


t 




BuHseuius . 


•Ji:J 


(labrinchowHky . 


• • • loo 


Batte 


. (>C, 7i' 


■ (JiiillAnl . 


• 




;309 


Buzzanl 


2:.i, -jtw 


1 (Ttiingt'c 


• ■ 




89 






, (iaiis . 


» • 




201 


(^amplin . 


im 


[ KarriKl 


► • 




123 


Cantani 


112. 11:5, :nO, 380 


' (itunljinl . 


■ • 




238 


Carnot 


im 


1 (rrrliiinlt . 


• • 




179 


Carotr 


103 


' (icrrard . 


• • 




44 


Cartier 


90 


' (ii'vor 


• • 




28 


Cawley 


71 


' liilVrt . 


• • 




390 


CeUiu 


2 


' (jleiinnl 


• • 




120,206 


CerunYille . 


389 


1 (iO<JlfO 


226, 394 


Cbadboume 


398 


' doff, fiO . 


195, 196, 198, 385 


Cliarcot 


. '2, 02 


1 (ronzalez . 


310 


Cliauflfard . 


309,310 


i (JooMi'ii . 


• • 


• 


107 



INDEX OF A UTHORS, 



417 



PAOI 

2?2 

102,310.377 
125 

74 

810 

74 

■molds 296,397 

MAuilMTe :mO 

370 

33.S 

lolwta, Sir Wm. 8, 13, 39, 125, 228, 

37M, :ftf2 

lohfai 382, a^^J 

lokiUiuaEy .... 125, 141 

loUo 4 

BoqM 212,210 

loKnfield 72, IM 

RoKuteiii 201 

adkoviki :M, 180 

laden 2.S7 

ladmeyer 21S 

Inadby . . 119, 131, 1(M, 2:i}. 

353, 354, 383, 3<.«3 
teiff . . . . . . rt5 

Umiti . 105, 171, 175, 222, 2MH, 2!¥i, 
829, 33!*, 367, 372, :i83, 3<)t) 
. 12, 33, 58, 80. l«. l(n». 
125, 174, UK), 2r)0, 2(K», 
214, 21!*, 299. 3(r2, 371 

fautor 107, 115 

findair 88 

StodehiuiiiB 175, 279, 290 

SUnge 336 

Stern 361 



StrauMh 
Stninipell 

Tail . 

Tiuigl 

Tuthnni 

Taylor, J. 

Teiilwuiii 

Tliierf'rMiT 

Thiroloix 

Twtli 

TrilMnih-t 

lYoiIlIIUT 

TiiiiiiiclitIV 
TunuT 

L'ltxiimiin 

Viwi'l 
Voit . 

Walluh 

\V:ilt«T 

Wi'lu-r 

WtiK'ii.^ki 

Wegi'li 

Wt'wtplijil 

White. Hull 

WiIIi:uiitf 

Willi.H 

Wiii.llc- 

Worm-Miiller 

Wright 

Ziiudcr 
ZieiuHScn, von 



131, 





TAUK 


• 


221 


86, 110, 


158 


115, 


393 




58 




102 




256 




175 




27 




81 




249 




120 




8 




3i;8 




M 




2.^ 




221/ 


. 5«i, 


17M 


10(). 


K^i) 


• 


28S 


• 


124 


• 


47 


• 


97 


• 


38:* 


• 


110 


340, .'J-Vi, 


;jsi» 


389, 


390 


. 2, 121 


• 


131 


• 


12 


• 


;i:{2 


• 


:i68 


• 


259 



«7 



LANE MEDICAL LIBRARY 



is book should be returned on or before 
the date last stamped below. 



.6 



;tt 



